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THE  exalted  station  which  you  have, 
during  so  many  years,  filled  in  the  Philo- 
sophical World,  justly  induced  the  illustri- 
ous VoLTA  to  announce  his  valuable  dis- 
coveries in  thie  Science  of  Galvanism  un- 
der the  sanation  of  your  name.  In  being 
permitted  to  present  to  the  world  my  com» 
paratively  trivial  labours  under  the  same 
distinguished  sanation,  I  have  the  good 
fortune  to  secure  for  them  a  degree  of  at- 
tention, to  which  they  might  not  have  been 
entitled  by  their  own  merit. 

Partial  to  the  subject  on  which  I 
treat,  I  had  singular  satisfa6lion  to  per- 
ceive, in  the  Letter  with  w  hich  you  lately 
honoured  me,  that  you  duly  appreciate 
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highly  interesting,  and  its  cultivation  a3 
promising  the  most  important  results  to 
mankind. 

Should  this  History  of  its  Progress,  and 
this  attempt  to  arrange  its  interesting  Ex- 
periments into  a  regular  system,  render  the 
study  of  this  Science  more  general,  and 
cause  its  future  improvement  to  keep  pace 
with  the  pa§t,  I  shall  consider  the  time 
which  I  have  devoted  to  it  as  profitably 
employed. 

With  every  sentiment  of  gratitude  for 
the  distin6lion  which,  on  this  occasion, 
you  have  honoured  me, 

I  am, 

SIR, 

Your  devoted  humble  Servant, 


C.  H.  WILKINSON. 


19,  Soho'Sqiuire. 
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PREFACE. 


THE  celebrated  Priestley  has  shewn 
with  what  effect  the  study  of  several 
branches  of  useful  Science  may  be  facili- 
tated, by  his  historical  accounts  of  their 
rise,  progress,  and  present  state.  Of  the 
two  methods  of  teaching  Science,  the  Syn- 
thetical is,  beyond  all  question,  preferable 
to  the  Analytical;  or,  in  other  words. 
Science  is  the  most  rapidly  conceived  by  a 
novice,  when  developed  by  the  same  steps 
as  those  by  which  it  first  became  known  to 
mankind.  An  example  of  this  easy  method 
of  acquiring  knowledge,  is  furnished  by 
the  first  Part  of  the  present  Work ;  and  an 
illustration  of  the  successive  principles  will 

be  found  in  the  experiments  detailed  in  thef 

* 

last  Part. 

Soon  after  the  important  experiments  of 
Galvani  were  announced,  they  were  re- 
peated and  diversified  by  the  most  eminent 
Physiologists  in  every  part  of  Europe.  Their 
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opinions  having  been  diffused  through  dif- 
ferent philosophical  publications,  the  se- 
le6lion  and  arrangement  of  such  of  them  as 
have  been  deemed  worthy  of  the  Reader's 
attention,  have  been  attempted  in  this  pre- 
sent Work. 

The  valuable  Essays  which  are  diffused 
through  the  French,  Italian,  German,  and 
British  Journals,  have  been  attentively  ex- 
amined, as  well  as  the  ingenious  produc- 
tions of  Sue,  Reinhold,  and  Humbqldt  : 
the  excellent  periodical  produ6lions,  the 
Medical  and  Physical  Journal y  and  the  Jour- 
nals of  Messrs.  Nicholson  and  Tilloch, 
have  proved  the  source  of  many  useful 
observations ;  and  the  Condu6lors  have, 
with  a  truly  philosophical  liberality,  per- 
mitted the  freedom  of  making  every  ex- 
tra6t  which  might  be  deemed  requisite  for 
this  Publication. 

These  materials  I  have  not  arranged 
systematically,  but  have  principally  been 
governed  by  the  era  of  the  original  disco- 
very. I  have  divided  the  Work  into  the 
two  epochs  which  appeared  the  most  in- 
teresting ;  the  first  consisting  of  the  various 

disco- 


diiscoveries,  from  the  period  of  Galvani 
to  that  of  the  Voltaic  Pile  ;  when  die  se-  1 
cond  epoch  commences,    and    is  carried  | 
tiown  to  the  present  time. 

The  Historical  Details  constitute  the 
first  Volume,  and  part  of  the  second. 
The  remaining  portion  I  have  devoted  lo 
the  development  of  that  particular  theory 
which  I  have  for  some  time  entertained, 
and  have  adhered  to  the  arrangement  which 
I  purposely  made  for  the  Ledlures  I  have 
given  upon  this  subject. 

I  have  endeavoured  to  demonstrate  the  ] 
principles  of  Galvanism  by  those  of  Elec-  i 
tricity.  As,  on  this  latter  subject,  I  have  i 
presumed  to  entertain  opinions  contrary  to  ' 
those  generally  admitted,  it  has  appeared 
to  me  absolutely  necessary  to  set  out  by  | 
stating  these  opinions,  before  I  should  en- 
ter on  the  Elements  of  Galvanism. 

On  this  account  it  is  that,  after  having 
closed  the  History,  I  have  commenced  the 
Elementary  Part  by  several  Chapters  on  ; 
Ele6tricity,  with  a  view  to  the  explanation 
of  certain  points,  on  which  my  ideas  will 
be  found  to  be  somewhat  novel. 

ToiJ 
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This  Work  is  illustrated  by  various  Plates ; 
and  such  descriptions  and  explanations  are 
introduced,  as  will  enable  every  attentive 
reader  to  constru6l  his  own  Apparatus,  and 
to  repeat  with  facility  any  of  the  Experi- 
ments. In  the  medical  application  of  Galva- 
nism, I  believe  no  person  in  England  has 
been  more  extensively  engaged  than  myself: 
the  results  of  my  observations  materially  dif- 
fer from  those  of  the  Continental  Pra6lition- 
ers.  In  many  instances  I  have  derived  from 
its  employment  the  greatest  advantage ; 
while,  in  many  others,  I  have  found  it 
produ6live  of  no  good  efFe6t.  In  some 
cases,  I  am  even  led.  to  think  it  rather 
injurious  than  beneficial. 

When,  in  the  first  instance,  I  entered  on 
the  medical  application  of  this  principle, 
I  was  led.  by  the  accounts  of  Grape ngies- 
SER,  and  other  foreign  Physicians,  to  en- 
tertain the  most  sanguine  hopes  that  it 
would  prove  one  of  the  most  a6live  reme- 
dies we  possess.  Experience  has  taught  me 
that  my  expe6tations  were  too  ardent.  It 
is  probable,  however,  that  my  faili^e,  in 
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the  cases  in  which  it  has  been  successfully- 
employed  abroad,  may  have  originated 
from  some  circumstances  of  which  at  pre- 
sent I  am  not  aware.  I  therefore  trust  that 
the  statement  I  have  made,  will  not  discou- 
rage other  Pra6litioners  from  its  use,  as  it 
is  only  from  the  united  labours  of  Profes- 
sional Gentlemen,  that  its  real  utility  can 
be  ascertained. 

There  are  many  complaints,  in  which  I 
have  found  the  principle  of  Galvanism  a 
most  beneficial  and  powerful  stimulant, 
greatly  superior  to  any  efFe6ls  I  ever  experi- 
enced from  Ele6lricity.  At  a  first  view  it 
may  appear  contradi6lory,  on  a  supposi- 
tion that  both  the  principles  are  the  same ; 
that  Galvanism,  which  is  merely  a  weaker 
intensity  of  Ele6lricity,  should,  notwith- 
standing, prove  most  a6tive  on  the  animal 
frame.  The  reason  of  this  I  have  attempt- 
ed to  explain  ;  and  I  am  induced  to  think 
that  the  influence  of  Galvanism  solely  de- 
pends on  the  important  agency  it  exercises 
in  animal  substances. 
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PART    I. 


CHAP.  I. 


The  conjeBures  and  hypotheses  which  were  formed 
prior  to  the  discovery  of  Galvani — SuccinSl 
account  of  his  life — The  incident  which  led  him 
to  the  discovery  of  Galvanism — His  experiments 
and  concIusions^-^His  hypothesis  explainedr^-^ 
Combated  by  other  naturalists — Its  application 
to  medicine — Interesting  observations  made  by 
Galvani  on  the  eledlricity  of  the  torpedo. 

THE  first  printed  notice  which  is  to  be  found 
of  the  phenomena,  since  called  galvanic,  is 
in  a  work  by  Sultzer,  published  in  17^7,  under 
the  title  of  "  The  General  Theory  of  Pleasures.** 
The  experiment  explained  by  this  writer,  al- 
though distantly  conne6led  with  the  succeeding 
experiments,  which  we  shall  hereafter  have  occa- 
sion to  describe,  is  so  exceedingly  simple,  and 
may  be  made  with  so  much  ease,  that  it  shall  be 
given  to  the  reader  in  his  own  words. 

"  If/*  observes  Sultzer,  ^^  two  pieces  of  metalj^ 
VOL.  !•  B  the 
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the  one  of  lead  and  the  other  of  silver,  be  joined  to- 
gether in  such  a  way  as  that  their  res pe6live  edges 
may  form  but  ofte  plane,  and  if  they  be  thus  placed 
on  the  tongue,  a  taste  will  be  perceived  pretty 
similar  to  that  of  vitriol  of  iron  ;  at  the  same 
time  that  either  of  these  pieces  of  metal,  when 
separately  applied,  does  not  leave  any  vestige  of 
such  a  taste.  It  is  not  likely  that,  by  this  con- 
jundlion  of  two  metals,  a  solution  of  either  of 
them  can  take  place,  and  that  the  particles  dis- 
solved in  this  way  can  penetrate  into  the  tongue. 
It  must  therefore  be  concluded,  that  the  con- 
junction of  these  metals  produces  on  the  one,  or 
on  the  other,  or,  perhaps,  on  both,  a  vibration 
of  their  particles,  which  must  necessarily  afFedl  the 
nerves  of  the  tongue,  and  bring  about  the  above- 
mentioned  pleasurable  sensation.**  In  citing  this 
(Experiment,  the  author  aims  at  the  illustratipn 
of  the  principles  he  lays  down  relative  to  the 
sensations,  the  first  of  which  is,  that  "  the  mind 
is  destitute  of  all  sensation,  without  an  analogous 
movement  in  the  sensible  nerves,  in  which  the 
essence  of  the  senses  in  general  resides.**  His 
gecond  principle  is,  that  '^  every  total  sensation 
consists  of  a  great  number  of  momentanepus 
^ens^tions,  which  succeed  each  other  with  such 
a  rapidity,  as  not  to  admit  any  perception  of  the 
very  minute  spaces  of  time  that  elapse  between 
t:hem."  The  work  of  Fabroni  on  metallic  irri- 
tation;^ 
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tatioh^  and  on  th^  chemical  a6lion  of  the  differ- 
ent metals  on  each/  other>  founded  on  this 
experiment  of  Sux>tz£R>  will  be  analyzed  in  the 
lequel. 

Afadl  connected  with  the  science  of  galvanism> 
but  anterior  to  its  discovery,  is  related  by  M* 
CoTUGNO,  in  the  following  manner*  :  A  medi- 
cal student,  feeling  a  smarting  sensation  in  the 
lower  extremity  of  his  leg,  applied  his  hand  ta 
the  part>  and  caught  a  mouse,  by  which  he  had 
been  bitten^  Having  killed  the  little  animal,  he 
resolved  to  dissedl  it,  and,  touching  with  his 
knife  ii  particular  nerve  (the  intercostal),  was  not 
a  little  surprized  to  feel  an  ele6bical  sensation 
sufficiently  powerful  to  benumb  his  hand* 

In  reasoning  on  this  fa6t,  M.  Vassalli,  mem* 
ber  of  the  Royal  Academy  of  Turin,  conjedlured 
that  Nature  is  provided  with  some  means  to  pre- 
serve and  retain  the  eledlricity  accumulated  in 
any  given  part  of  the  body  of  a  living  animal,  to 
the  end  that  she  may  employ  it  when  occasion 
may  serve.  To  confirm  this  opinion,  he  accord* 
ingly  made  several  experiments,  by  which  his 
theory  seems  to  have  been  in  some  measure  esta- 
blished, and  the  details  of  which  were  published 
in  1789.  Several  naturalists  had  lalready  conceived 
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an  idea  that  the  blood  is  animated  by  the  ele<3ric 
fluid ;  while  others  subscribed  to  the  opinion  of 
Bridox,  that  the  nervous  and  eledlrical  fluids  are 
one  and  the  same.  Such  were  the  conjedlures 
and  hypotheses  which  had  been  formed,  when 
the  celebrated  Galvani,  professor  of  anatomy 
at  Bologna,  instituted  the  experiments  by  which 
this  subjedt  has  been  so  well  elucidated,  and 
which  have  suggested  to  physiologists  new  rea- 
sonings on  muscular  motion. 

A  succin6t  account  of  the  life  of  this  profound 
naturalist,  ought  necessarily  to  precede  the  de- 
tails of  the  experiments  which  led  to  his  im- 
portant discovery.  It  is  extrafted  from  the 
Memoirs  of  the  Medical  Society  of  Emulation 
of  Paris. 

Louis  Galvani  was  born  at  Bologna,  on  the 
gth  of  September,  1737^  and  commenced  his 
studies  at  a  very  early  age.  Several  of  his  nearest 
relativeis  had  acquired  much  celebrity  in  theology 
and  jurisprudence ;  and  it  was,  in  a  great  mea- 
sure, under  their  tuition  that  he  was  instructed. 
Having  completed  his  education,  he  took  his 
degrees  in  physiii ;  and  soon  after  married  the 
daughter  of  the  learned  Professor  Galeazzi, 
He  was  still  yoat\g-  when  he  filled  the  chair  of 
anatomical  professoi ;  ^sJld  was  very  successful  in 
comparative  anatomy,  more  particularly  in  the 
dissedlion  of  birds ;  a  treatise  on  .  the  urinary 

passages 
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passages  of  which,  he  published.  In  this  traift, 
lie  describes  the  position  and  fonn  of  tlie  kidnies 
of  the  different  varieties  of  the  feathered  race, 
their  strufture,  envelopes,  and  substance,  toge- 
ther with  particular  observations  on  the  urinary 
bladder,  ureters,  emulgents,  nerves,  Sjc. 

Such  were  the  pursuits  of  this  profound  natu- 
ralist, before  he  was  led  to  the  discovery  of  gal- 
vanigm.  The  latter  part  of  his  life  was  embit- 
tered by  an  uninterrupted  series  of  calamities. 
After  having  spent  thirty  years  with  a  wife 
whom  he  adored,  and  by  whom  he  was  equally 
beloved,  he  saw  her  expire  in  his  arms.  From 
a  cofiscientious  motive,  he  refused  to  subscribfri 
to  the  civic  oath  required  by  the  decrees  of- 
the  Cisalpine  Republic ;  and  this  scruple  cost 
him  the  public  employments  he  held,  and  the 
emoluments  they  brought  with  them.  Death 
shortly  after  snatched  from  him,  and  that  with- 
out allowing  an  instant  of  repose  to  the  acuteneas 
of  his  feelings,  nearly  the  whole  of  his  nearest 
and  dearest  relations.  Finally,  having  himself 
been  for  a  long  time  a  prey  to  excruciating  pains 
of  the  stomach,  which  were  conjei5hired  by  his 
medical  friends  to  proceed  from  an  obstruction  in 
the  pylorus,  this  great  man  fell  into  a  state  of" 
languor  and  decay,  the  rapid  progress  of  which' 
could  not  be  checked  by  the  professional  skill 
and  kind  assiduities  of  two  celebrated  physicians 
fvif  •\  S3  of 
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.of  Bologna^  CLB;rGARi  and  Uttini.    He  died  on 
.'the  4th  of  December,  1798,  aged  sixty  years  and 
about  three  months. 

The  incident  which  led  him  to  the  discovery 
jof  galvanism,  or,  as  it  has  been  otherwise  deno^ 
minated,  animal  eleftricity,  has  been  variously 
-rdated*  The  following  account  is  drawn  from 
i  very  respectable  source,  and  appears  to  be 
niearest  the  truth.  Galvani  being  one  evening 
in  his  laboratory,  where  he  was  employed  in 
making ,  experiments  in  the  presence  of  a  party 
of  his  friends^ '  several  frogs,  which  had  been 
skinned,  and  -were  destined  for  soup,  happened 
accidentally  to  be  placed  on  a  table,  on  which  was 
also  an  ele6h"ical  machine;  between  the  con- 
duiftor  and  the  frogs  there  was  a  certain  specie. 
One  of  the  company,  who  assisted  at  the  experi- 
Inents,  having  brought,  uninfentionally,  the  point 
of  a  knife  into  contaift  with  tibe  internal  nerves 
of  the  thigh  of  one  of  tliese  Animals,  the  itiuscles 
of  the  Umbs  were  instantly.  :and  powerfully  con- 
.vulsed.  The  wife  of  Galivaki  being  present, 
wias  struck  by  the  novdty  of  this  phenomenori, 
between  which,  and  the ,  dlscngiagement  of  an 
eledrical  spark,  she  fancied  that  there  wiis  an 

•  agreement  in.  .point  of  time. «   On  her  making 

•  this  observation  to  her  husband,  he  resolved  to  ai- 
Hexteki  the  tk^h  of  so  eitraordhiary  a  fa<5l,  and 

eccac^[^%fybrot]^ht  the  point  of  a!scalpd,  or  dis** 

sealing 
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SH^ting  knife,  in  contaft  with  the  crural  nerves  6f 

one  of  the  frogs,  at  tiic  same  timt_-  that  a  spark  was 

drawn  from  the  elei^trical  machine.     The  result 

was,  that  the  same  contraiftions  were  manifested. 

As  it  was  possible  that  they  might  have  been 

Owing    to    the   simple   contaA  of   the   scalpel, 

which  might  serve  as  a  stimulant,  rather  than  to 

the    disengagement   of    the    spark,    Galvani, 

to    clear   up    this    doubt,    touched    the    same 

nerves  of  several  of  the  frogs,  while  the  eleo- 

•irical  machine  was  in  a  stiite  of  rest.     The  con- 

traftions  which  had  heretofore  been  observed  did 

not  ensue. 

From  this  phc-nomerton  Galvani  drew  tin* 
following  conckisions.  The  necessity  of  a  con- 
duifting  body  for  the  produtftion  of  the  pheno- 
menon in  question.  The  advantage  which  results 
from  giving  a  certain  extension  to  the  conduc- 
tor, to  produce  the  contractions.  The  various 
direflions  of  the  eleftrical  influence,  and  the 
utility  of  the  application  of  conducting  bodies  to 
the  muscles.  The  eftbrts  made  to  prevent  tlie 
passage  of  the  eletSricity.  And,  lastly,  the  proofs 
which  had  been  obtained,  that  the  communicated 
eleflricity  is  transmitted  through  the  substance 
itself  of  the  conduiSors.  Having  repeated  his 
experiments  with  great  assiduity,  he  was  led,  not 
merely  to  ascribe  to  eleftricity  the  phenomenon 
of  the  muscular  contractions  of  frogs,  but  Jilso 
s4 
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to  determine,  to  a  certain  extent  at  least,  the 
laws  by  which  this  species  of  ele(9xieity  is  go^ 
V^ned  ♦, 

This  property  of  the  spark,  by  which  muscu- 
lar  contractions  are  excited,  inspired  Galvani 
with  a  wish  to  examine  whether  the  battery  of 
Fj^nklin;,  when  dischai-ged,  would  be  capable 
.pf  exciting, dontraS ions  of  a  stijl  more  powerful • 
nature,;  His  attempt,,  however,  proved  iriefFeo- 
-tuaU  He  afterwards  inade  experiments '  with 
-liegative  elpdricity,  and  for  this  purpose  bad 
recourse,  to  the  eleiSlrophprus  of  Volt  a.  Jle 
endeavoured  to  ^intercept  the  course  of  thje 
eledlric  fluid,  which  axfts  on  the  animal  or  on 
Us  conductors.  To  the  end  that  he  might 
come, to  a  more  direct  and  pr6cise  knowledge 
pf  his  snbjeft,  he  operated  on^  the  living  animal^ 
and  obtained  weaker  cpmtnotions  than  whe^  the 
animals- subjedled  to-. his  experiments  ^ere  dead. 
In  this-inyestigatiw  Ihe^  cut  pff .  the  communicar 
tion  of  th^  surrpiui^ding  air;  and  having  madfJ 
choice  ;of  animals  with  warm  blQod,   namely^ 

'  *  It  is  remarked  by  pFAp^,'in  his  work  entitled  Uber 
Thierische  EkShidtfiet  nnd  JReitxharkeit,  p.  333i  thpt  the  origin 
of  the  muscular  cqntra^dns  of  frogs  is  c?tplaii|c4  by  the  stimu- 
jfitin^Jfoit?  of  cqirnnoQ  )elcdricity,  wbipb  a^,  in  this  instance^ 
by  communication  y  and  that  it  is  unnecessary  to  have  recourse 
to  an  animal  eleftricity,  in  seeking  to  explain  such  a  pheno^ 
menan.      '  :      *  ^^^'      * 
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^wls  and  lambs^  found  that  the  results  wore  in* 
variably  such  as  he  had  obtained  when  hi^^.^^* 
periments  were  made  on  cold-blooded  animus. 
The  nerve  having  been  disseded,  and  carcr 
fully  separated  from  the  surrounding  parts,  he 
applied  to  it  the  conductor,  and,  on  the  dis- 
charge  of  the  eleftric  spark,  the  contradions 
were  instantly  manifested. 

The  ijumberjess  trials  made  by  the  learned 

JVofessor  of  Bologna  seem  to  demonstrate,  that 

among  living  animals  those  are  in  general  the 

best  calculated  to  manifest  the  contrad  ile  moye- 

-nients,  who  are  of  a  more  advanced  age,  as  well 

SLs  those  whose  muscles  are  of  a  whiter  substance. 

GThe  success  of  the  experiments  depends  much, 

I^ovirev^,  on   the  mode  in  which  the  animal  is 

j>repared  ♦/' 

Having  made  these  discoveries  on  the  influence 
of  artificial  eledricity  on  animals,  Galvani  next 
landeavoured  to  ascertain,  whether  the  ele6lricity 
of  lightning  would  be  produdive  of  the  same  ef- 
iFeda  in  the  movements  of  the  ipu^Ies.    The 


-  *  Ax^iBERTj  the  eloqueqj:  writer  of  the  eulogy  on  Gal  v  ani, 
^om  which  this  article  is  extra6^cd,  in  speaking  of  the  irrita- 
bility of  frogs,  observes,  that  it  is  not  every  where  the  same^ 
mnd  that  there  mast  necessarily  be  a  variety  in  the  results  of 
the  experiments^  accarding  to  the  difierent  countries^  those  of 
.  ^ropc  €»tu,  where  these  experimetUs  are  made. 

result 


res^ult  of  these  cxperimente  was  precisely  the  same 
as  in  the  application  of  the  forrtier  ;  and  he 
found  that  the  oontradions  aiugmented  in  pfow 
portion  to  the  intensity  of  the  flashes  of  light- 
ning, and  to  the  proximity  of  the  eled:rified 
cloud. 

The  most  interesting,  as  well  ^s  the  most 
useful  of  the  epochs  by  which  the  glorious  enter- 
prizes  of  Galvani  are  marked,  is  the  one  in 
iwrhich  he  demonstrated,  by  a  variety  of  inge* 
nious  experiments,  the  influence  pf  metals  on 
the  movements  of  the  muscles^  whether  in  tht 
oj^efn  air,  or  in  a  confined  atmosphere-  He  be* 
gan  to  suspe6l  the  possibility  of  an  appropriate 
end  inherent  eledlricity  in  the  system  of  animali, 
j[^d  conjeftured  that  the  nervous  fluid  passes 
from  the  nerves  to  the  muscles,  by  a  law  analo* 
gous  to'thfe  one  which  governs  ek<9:ricity  in  the 
experiment  tof  the  Leyden  phial.  He  employed 
successively  a  repressing  afc  and  a  condudfing 
arc,  the  latter  of  which  excited  the  contradBons^ 
while  it  was  impossible  to  produce  them  by  the 

means  of  the  other.     Similar  contradlions  were 

• 

excited,  and  were  in  many  instances  still  more 
powerful,  when,  instead  of  a  single  arc,  two  were 
employed.  They  were  so  disposed  as  to  touch^^ 
Mch  by  one  of  its  extremities,  the  one  the  nerveSj^ 
the  other  the  muscles  of  the  animal,  while  the 
two  remaining  extremities  were  brought  toge-^ 

ther 
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tijer  and  conneiSed  at  will.  To  produce  the  de- 
sired  phenomenon  of  contractions,  Galvani 
thought  it  essential  to  employ  difterent  metals  j 
and  in  this  way  he  was  enabled  to  ascertain  the 
influence  of  similar  or  dissimilar  met&ls  on  the 
contraflions  whicli  ensued. 

It  was  no  less  important  to  inquire,  whether 
these   contradhons  resulted    from    the   positive 
^3r  from  the  negative  eleflricity ;    and  whether, 
n  such  a  case,  this  principle  is  latent  in  any  single 
^nd  homogeneous  metal,  or  is  inherent  in  the 
nnimal.    Galvani  made  his  experiments  in  dif- 
■Cerent  media,  ov  intervenJi^  substances,  and  con- 
^vinced   himself  that  water  performs  a  futn^tion 
analogous  to  that  of  the  arcs,  but  that  this  ob- 
jeervation  does  not  apply  to  oil.     Hence  he  con- 
sidered himself  as  justified  in  the  conclusion  that 
Swo  states  of  eleiftricity  are  contained  in  the  ani- 
anal,  one  of  wliich  resides  in  the  muscles,  th« 
fcthei*  in  the  nerves ;  or,  perhaps,  that  both  of 
■Ihera  reside  equally  in  each  of  these  component 
parts  of  the  animal  economy.     His  next  endea- 
vour was  to  ascertain  tlie  true  seat  of  this  elec- 
tricity, and  more  particularly  the  nature  oi  that 
which  resides  in  the  nerves.     He  accomplisheil 
this,  by  noticing  the  influence  of  the  extent  of 
the  surfaces  of  the  coatings  on  the  intensity  of 
the  muscular  contra<5tions. 

Ailer 
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After  a  variety  of  researclies  on  the  true  seat 
of  electricity  in  the  animal  system,  Galvaki 
examined  the  relations  \vhich  subsist  between 
that  elefiricity  and  the  electricity  properly  so 
called.  He  examined  the  various  degrees  of  the 
conduifting  property,  as  it  exercised  itself  on  the 
diiFerent  substances  employed  in  the  expert 
nients,  and  in  following  up  his  inquiries  into 
property,  as  it  a6ts  on  the  different  parts  of 
animal,  found  it  to  reside  both  in  fluid  and  soli 
bodies,  but  not  in  oleaginous  liquids. 

It  is  not  difficult  to  conceive,  that  the  earliest 
author  of  Galvanic  experiments  should  also  be 
the  first  to  establish  an  hypothesis  on  the  phe- 
nomena he  had  noticed.  Although  the  one 
which  Galvaki  has  formed  has  been  adopted 
by  a  very  inconsiderable  number  of  naturalisl 
while  it  has  been  combated  by  several  othi 
and  absolutely  reje^ied  by  the  great  majoril 
Btiil  ttiere  are  two  powerful  reasons  why  it  should 
rot  be  passed  over  in  silence,  seeing  that  it 
forms  a  part  of  the  labours  of  this  profound  and 
sagacious  inquirer,  and  that,  when  it  was  con- 
ceived by  him,  he  flattered  himself  that  he  had 
discovered  one  of  the  most  important  secrets  of 
animal  organization,  and  of  animal  life.  In  en- 
tering on  the  subjeifl  of  this  hypothesis,  it  ought 
to  be  observed,  that  the  authors  who  have  treated 
p^  galvanism  may  be  classed  under  two  distinft 
Befli( 


leri- 


HYtOTftESiS  OP  OALVAKI.  I3j 

se6lions,  relatively  to  the  theoretical  ideas  they 
have  entertained.     While  a  part  of  them  have, 
in  common  with  Galvant,  been  enabled  to  dis- 
cover  in  galvanism  nothing  more  than  a  pheno- 
menon essentially  dependent  on  the  parts  of  the 
animal ;  the  others,  at  the  head  of  whom  Volta 
may  be  placed,    have  considered  the  galvanic 
adion  as  a  general    phenomenon  of  Nature^ 
which  manifests  itself  solely  by  the  intervention  . 
of-  the  irritable  and  sensiblQ  fibre,  and  is   not 
subordinate  to  the  vital  energy.     In  the  phy- 
sical sciences  the  fads  are  immutable ;  but  the 
hypotheses  which  are  employed  to  explain  thd^ 
mode  by  which  they  are  generated,  are  suscep-^ 
tible  of  an  infinite  variety. 

^^  The  nerves,"  observes  Galvani,  ^^  which 
are  distributed  in  the  different  parts  of  the  mus- 
cular system,  and  which  receive  or  transmit  the 
electrical  fluid,  have  all  of  them  a  common  origin 
in  the  cerebral  organ ;  and  it  is  not  probable  that 
these  nerves,  the  struflure  of  which  is  so  varied, 
in  the  universal  economy  of  animals,  should  be 
the  secretory  organs  of  an  homogeneous  fluid, 
such  as  the  one  destined  to  excite  the  muscular 
contraftions.*'  He  consequently  supposes,  in 
the  first  place,  that  all  animals  are  endued  with 
an  inherent  eleSricity  appropriate  to  their  eco- 
nomy, which  eledlricity,  secreted  by  the  brain, 
resides  especially  in. the  nerves,  by  which  it  is 
-^ ''  com- 
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communicated  to  every  part  of  the  body.  And^ 
secondly^  that  the  principal  reservoirs  of  thii 
ele<5lriciiy»  which  he  calls  animal^  are  th(^  mua-^- 
des^  ieach  fibre  of  which  ought  to  be  consideri^ 
as  having  two  surfaces^  and  as  possessing  on  tbit^ 
account^  both  a  positive  and  a  negative  ele<ftrt-f 
city^  at  the  same  time  that  it^  in  ja  manner^- 
represents  a  small  Leyden  phial>  the  nerves 
with  which  it  is  provided  being  the  conduce 
tors. 

The  ihechanism  of  the  Various  movements  is 
explained  by  Oalvani  in  the  following  mann^  t 
The  electrical  fluid  is  drawn  and  attracted  from 
the  interior  of  the  muscles  into  the  nerves^  ftw^ 
whence  it  afterwards  passes  to  thie  externa}  ftUFr* 
&ce  of  the  muscles ;  insomuch^  that  each  dis-^ 
charge  of  this  description  of  eledlrical  phial  i^ 
ibilowed  by  a  muscular  contra<ftionj  which  is  the 
effed  of  the  stimulus  produced  by  the  eledricity* 
He  was  strengthened  in  tlus  coiyedlure  by  the 
parfeft  analogy   he  fancied   he  could  perceive 
between  the  phenomena  of  the  Leyden  phial  in 
electricity,  and  the  muscular  contradions^  How-^ 
ever  this  parallel  may  have  been  since  weakened 
by  a  few  isolated  fads,  or  rather,  by  the  con* 
elusions  which  have  been  drawn  from  them,  it  is 
certain  that  there  is  a  striking  similitude  in  th^ 
principal  points* 
tilt  vTOuid  have  been  equally  fortuiiate  fbr  Gku^ 

VANI^ 
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TAHl,  and  for  the  medicinal  science,  if,  with  the 
powerful  resources  of  his  inventive  genius,  he  had 
succeeded  in  the  principal  extensions  he  gave  to 
his  first  hypotheses,  in  the  in\'estigation  of  the 
causes  of  diseases,  and  had  realized  his  particular 
Ideas  relative  to  the  produiftion  of  rheumatic 
affecSions,  of  the  nervous  sciatica,  and  of  con- 
rulgions  and  tetanus.  These  ideas,  and  thar 
application  to  medicine,  will  be  developed  in  the 
sequel  of  this  work.  In  conformity  to  the  theory 
he  had  established,  he  endeavoiu-ed  to  explain 
the  proximate  cause  of  paralysis,  apoplexy,  and 
ejnJepsy ;  and  was  of  opinion  that  the  good 
effedls  resulting  from  the  administration  of  va- 
rbus  remedies  in  the  above  diseases,  and,  among 
them,  the  application  of  artificial  eleiStricity, 
Were,  in  certain  cases,  to  be  ascribed  to  the 
mode  of  a<^on  of  these  remedies  on  the  animal 
Auid,  whatever  miglit  be  the  change  brought 
about  in  the  state  of  the  latter.  It  therefore 
appeared  to  him  that  the  physician  ought  to  be 
governed  by  this  intention  of  cure,  in  the  treat- 
ment of  his  patient ;  and,  in  the  case  of  convul- 
.ive  diseases,"  he  considered  that  it  was  of  the 
iiig'hest  importance,  to  inquire  which  of  the 
■two  states  of  electricity,  the  positive  or  the  ne- 
gative, it  would  be  most  expedient  to  employ. 

After  hanng  described  the  new  mode  of  apply- 
ing the  latter  of  these  states  o(  electricity,  which 

he 


I 
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he  found  of  great  utility  in  rheumatic  and  6(it€f 
analogous  afFe6lions,  Galtani  proceeded  to  ex-* 
patiate  on  the  advantages  which  might  result,  un-' 
der  similar  circumstances,  from  the  eleftridty  of 
the  atmosphere  in  stormy  weather,  provided  the 
utmost  caution  and  prudence  should  he  dbserved 
in  arming  with  conductors  the  afFeded  part.  It 
was  in  this  way  that  he  explained  the  stidden  and 
extraordinary  recovery  of  the  use  of  the  limbs,  in 
cases  of  paralysis,  in  consequence  of  the  light-* 
ning  having  burst  at  a  very  inconsiderable  dis-* 
tance  from  the  spot  where  the  persons  labouring 
under  the  paralytic  affedlion  resided.  Are  not4 
however,  these  spontaneous  cures,  supposing 
them  to  have  happened,  rather  to  be  ascribed  to 
the  emotion  of  terror,  which  a  loud  clap  of  thun^^ 
der  excited  in  the  suffering  individual  i  To  suck 
a  cause  may  be  ascribed  the  case  related  in  the 
physiology  of  Dumas,  of  the  cure  of  a  manr^ 
who,  at  the  time  his  house  was  on  fire,  recovered 
the  use  of  his  feet,  by  the  consternation  int^ 
which  he  was  thrown. 

It  has  already  Been  remarked,  that  the  theory 
of  Gal  VAN  I  met  with  several  adversaries  among 
those  even  who  had  admired  and  repeated  his  beau* 
tiful  experiments.  One  of  the  most  redoubtablfe 
of  his  antagonists,  was  the  celebrated  Professor 
VoLTA,  who  made  several  ingenious  attempts, 
to  prove  that  there  does  not  exist  a  particular 

electricity 
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jBledlricity  inherent  in  the  system,  of  animals,  an4 
that  the  living  body  ought  simply  to  be  consicfcred 
as  a  humid  substancce  or  conductor.  •  In.  twq 
fliemoirs  addressed  to  Spallan?ani,  Q^lx^ an^ 
rejJied  to  the  obj^dlions  of  VoLTA/airtd  esta- 
blished, by  new  experiments  which  are  there  d^s 
scribed,  the  numerous  characteristics  >vhich,  i^ 
conformity  to  his  theory,  mark,  the  differences  an4 
distinx5tions  between  animal  ele(9;ricity  ahd  com* 
mon  eleAriciXy.  His  arguments  were  princi^ 
f)ally  founded  on  the  phenomena  of  the  musculaf 
contraCtiofis,  which  may  be  manifested  inde* 
pendently  of  the  heterogeneity  •  of  the  metallic 
substances,  necessary  in  no  otheir'case,  unless 
when  frogs,  the  vitality  of  which  had  heen  weak* 
^ned  in  >  a  very  consid^wable  degree^?  were  emi 
ployed  in  -the  ex;p^m€tftSw  He  afterwards  ha^ 
tecotirse  to  non-metallic  substances  as  conduc- 
tors, and  found  that  the  immediate  contadl  of 
the  heterogeneous  coatings  was  not  absolutely 
necessary  to  excite  the  contraClile  movements. 

To  the  new  objedions  made  to  his  theor3r, 
Q-ALVANi  replied  by  new  experiments,  and  by 
tl^e  consiequences  he  drew  from  them*.     After 

having 

^  Bauqnatbllx's  Aimals  of  Chemistry  and  Natural  His- 

*V^ry*  vol.  xvi.  c3ontain  two  aDoqjrmous  letters  on  galvanism^  or 

»^^ther,  according  to  the  autlior,  on  ^he  pretended  anioial  eledtri- 

\  "  y^t,  I.  c*  city 
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having  endieavoared  to  prove  that  all  the  pherto- 
mena  of  animal  eleftricity  depend  on  a  particular 
circle  established  in  the  muscle,  by  the  means  of 
the  nerve  and  the  arc,  he  developed  the  mannef 
in  which  this  circle  is  efFe6led ;  and  having  dwelt 
on  the  analogy  between  the  laws  by  which  it  is 
governed,  and  those  of  the  Leydeii  phial,  elec- 
tric battery,  &c.  he  endeavoured  to  demonstrate 
the  reality  6f  this  circle  under  all  the  circum- 
stances in  which  it  is  brought  about,  and  to 
prove  that  it  follows  the  route  of  ele<ftricity  in 
proportion  as  it  runs  through  the  parts  sub- 
jcAed  to  experiment.  This  is  the  aim  he  had  in 
view  when  he  published  a  memoir  replete  with 
curious  and  interesting  fa&is,  which  would  not^ 
however^  be  well  comprehended  without  the 
fiates  by  which  they  are  accompanied. . : 

Professor   Pfap?,   of  Kiel,    displayed  much 


m^mmmm*mtmami*t^mimMmtmmmmmt0mm»lmi^ 


city  said  to  result  fj^om  the  galvanic  Experiments.'  The  author 
defendii  the  opinion  of  Volta  on  the  nature  of  the  galtiinic 
^uid,  and  endeavours  to  prove  that  its  effeds  are  precisely  tEe 
same  with  those  of  natural  ele6b*icity }  that  this  fluid  is  excited 
by  the  contad  of  different  condudors  of  various  descriptions^ 
but  principally  by  that  of  metallic  condudors,  that  it  may  be 
Tendered  positive  atid  negative^  and,  lastly,  ttiat  it  can  be  mea- 
sured with. the  electrometer.  This  defence  of  Volta  is  prin- 
cipally levelled  against  Galv a  ni  himself,  he  having  recentljr 
published  a  work  in  which  he  insisted  on  the  peculiar  nature  of 
the  fluid  he  had  discovered* 

ability 
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ability  in  the  attempts  he  iflade  to  refute  the 
Opinion  of  Galvani.  He  endeavoured  to  prove 
that  the  idea  of  a  positive  and  negative  electri- 
city in  the  interior  and  exterior  of  the  muscles, 
is  not  founded  on  any  decisive  faft,  and  that  the 
greater  part  of  the  galvanic  phenomena  are  either 
not  to  be  explained  by  this  theory,  or  are  di- 
rciftly  opposed  to  it.  The  professor  of  Bologna, 
observes  Ppaff,  establishes  a  circulation  of  posi- 
tive eledlricity  from  the  interior  of  the  muscles  to 
the  exterior,  by  the  means  of  coatings  and  other 
conduSors,  and  fancies  that  it  is  owing  to  the 
re-establishment  of  the  equilibrium  between  the 
internal  and  external  parts,  by  the  means  of  this 
positive  elciflricity,  thus  brought  into  a6tion,  that 
the  muscular  contraftion  is  produced.  All  the 
experiments,  however,  in  which  the  two  coatings 
are  applied  to  the  nerve  only,  without  its  having 
been  moistened,  or  in  a  desiccated  state,  and 
without  a  correspondence  being  kept  up  between 
it  and  the  muscle  by  a  condu<5tor,  are  in  a  man- 
,ner  contrary  to  the  hypothesis  of  Galvani. 

The  experiments,  continues  the  professor  of 
Kiel,  on  the  eftecis  of  the  ligatures  of  the  nervea, 
are  hkewise  so  many  obje(5iions  to  his  theory. 
The  crural  nerve  being  isolated,  and  bound  in  the 
middle,  and  the  coating  applied  above  the  liga- 
ture, the  contractions  are  manifested  when  an 
exciting  arc  of  another  metal  is  b/ought  in  con- 
c  1  ta6i. 
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taft,  either  mth  the  nerve  above  the  ligature,  or 
^vkh  tlie  inu6<5le6  and  the  coating,  it  being  eon* 
-stan^tly  ^uppo^d,  4hat  ^he  arc  necessary  to  the 
tdevellopement  ^f  "the  -muec^dar  contradtions  is  in 
'^Ms  im^nier  filmed:  It  results  frdm  hence,  that 
%i  IJhis  case,  the'Ii^ture  does  not  intercept  the 
"Circulation  from  the  interior  to  the  exterior,  &d. 
•  Another  cfb3e6tion.  made  to  tlie  theory  of  ^ai.- 
VANi  by  professor  Pfapf,is  founded  on  the<^on- 
^ai?Kons  which  ai*e  produced/ as  well  at  the  in- 
Iftarit  ^\v%ien. the  galvanic  arc  is  closed,  asM4]^he 
4fiofneiit  when  ft  is  opened.  If  the^  contrac- 
^tions,  he  observes,  take  place  at  the  monaent 
'When  a  cmrimilnication  between  the  interior  -and 
%e  .exleriot'  df  the  muscles  is  kept  up  by  thp 
-galvanic  arc,  and  ;the  equilibrium  between  these 
^rfcs  trf^he  muscles  on  that  account  necessarily 
ire-established,  it  ds  not  easy  to  conceive  how, 
^ht  re-e^afeJishment  of  the  equilibrium  having 
itflken '  place,.  4he  eflfedl  should  be  the  same  as 
-when,  a»  instant  after,  the  galvanic  arc -is  opened. 
This,  however,  he  observes,  is  what  constantly 
^happete ;  'and  there  are  even  cirei^in stances  in 
twfticb  the  effeft  is  much  more  powerful  when^  the 
•are4S  opened  than  when  it  is  closed  ;  supposing^ 
^*«vSrthele^,' '4hat  this  efFetfl  is  concentrated  on 
-tlie  force  6f-the*e6htra(3:ions.  " 

■  ^^"^  According  to  the  above  naturalist,  the  theory 
•oPGki-viSrf  does^  not  explaihthe  influenee  pro-. 

duced 
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^uced  by  the  diversity  of  the  coatings,  as  well  as 
by  the  manner  of  distributing  them  to  the  nerves 
and  the  muscles,  on  the  appearance  and  energy 
of  the  contradile  movements.  He  is  also  of 
opinion,  that  it  does  not  illustrate  the  experi- 
"Inents  made  on  the  organs  of  the  senseg,  &c,  8cc. 
Such  are  the  principal  objections  of  professor 
^FAPF  to  the  theory  of  Galvani.  Since  the 
mass  of  fatfts  has  been  augmented  by  the  united 
^efforts  of  physiologists,  many  others,  which  will 
fce    detailed    in    iheir  proper  places,  have  been 

idded. 
-  However  his  theory  may  have  been  combated, 
t  is  certain  that  the  discovery  of  Galvani  has, 
rem  its  origin  upwards,  given  rise  to  several 
mrious  observations  and  interesting  discoveries, 
vhich  it  would  be  highly  improper  to  pass  uveF. 
5y  the  experiments  which  have  been  made,  it  has 
»een  seen,  in  the  first  place,  that  the  muscles  of 
mimals  exposed  to  gangrenous  miasmata  are  not 
:ontrai£ted,  at  the  same  time  that  contratlions 
ire  excited  in  the  muscles  of  animals  exposed  to 
iie  aiJlion  of  the  different  gases  and  poisons, 
This  proves,  that  the  putrid  miasmata  attack  the 
principle  of  irritability  more  powerfully,  and  with 
L  more  fatal  eifed,  than  do  the  poisons  and  the 
jgascs.  Secondly,  that  drowned  animals  have 
leen  restored  to  life  by  the  excitement  in  their 
iHystem  of  the  aiStion  of  the  nenous  flukl.    This 
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.is  an  additional  proof,  Ihat  in  the  cases  of  drowned 
persons,  as  well  as  in  asphyxies,  the  principle  of 
irritability  has  been  attacked.   Thirdly,  that  ani- 
f  mals  on  whom  a  considerable  number  of  experi- 
I'ments  have  been   made,  and  who  have  conse- 
quently been  exhausted,  sooner  become  putrid 
,'  than  other  animals.     This  supplies  an  additional 
'evidence  in  support  of  the  opinion,  that  in  pu- 
trid fevers  the  nervous  fluid  is  either  changed  or 
diminished.    Finally,  the  conjedure  of  M.  Valli, 
that  the  nervous  fluid  is  not  secreted  from  the 
blood,  as  appeared  to  be  demonstrated  by  analo- 
gical reasoning,  but  is  drawn  from  the  atmosphere 
and  from   the  earth,  is  in  a  great  measure  c6n- 
firmed.     By  this  hypothesis  it  is  not  difiicult  to 
explain,  how   it   is  that  animals  who  have  re- 
mained during  several  weeks  without  food,  and 
without  renewing  their  blood,  have  been  enabled 
to  preserve  for  so  long  a  space  of  lime  the  faculty 
of  motion. 
' '     It  must,  however,  be  acknowledged,  that  seve- 
ral of  the  phenomena  of  the  galvanic  fluid,  and 
more  especially  the  instantaneous  mode  in  which 
it  is  transmitted,  brought  about  and  favoured  as 
it  is  by  certain  substances,  while  it  is  prevented 
'ty  others,  establish  a  remarkable  similitude  be- 
tween the  laws  by  which  this  fluid  is  governed, 
snd  those  inherent  in  the  matter  of  elediricity. 
}t  is  at  the  same  time  equally  certain,  that  other 
const- 
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oonsiderations,  as  will  hereafter  be  seerij  present 
■themselves  to  destroy  tliis  identity,  and  to  sepa- 
rate, in  their  essential  qualities,  tliese  two  indi- 
■vidual  properties. 

It  has  been  seen  above,  that  Galvani  made  a 
considerable  number  of  experiments,  with  a  view 
to  prove  Uiat  a  destrui^lion  of  the  equilibrium  in 
the  eleflricity  of  living  bodies,  does  not  result 
irom  the  heterogeneity  of  the  metals  or  other 
substances  with  which  the  limbs  of  the  animal 
may  be  coated.  He  went  still  farther,  and  en- 
deavoured not  only  to  appreciate  the  action  and 
influence  of  this  heterogeneity  of  the  coatings  on 
the  intensity  of  the  muscular  contractions,  but 
also  to  establish  several  conje6lures  drawn  from 
the  phenomena  he  had  discovered  and  pointed 
out.  In  illustrating  this  subject,  he  remarked, 
that  he  had  even  obtained  movements  without  a 
coating,  and  that  by  the  simple  application  of 
the  extremity  of  the  arc,  the  ^diameter  of  which 
was  almost  insensible.  He  was  of  opinion,  that 
the  action  of  the  heterogeneity  takes  place  over 
tlie  eleflrical  torrent,  which,  in  condensing, 
must  necessarily  pass  by  the  extremities  of  the 
arc.  He  afterwards  tried  to  ascertain  the  na- 
ture of  the  mode  of  aiBion  of  the  heterogeneity 
of  metals  on  the  eledlrical  torrent,  and  ima- 
gined  that  the  sole  influence  it  possesses,  con- 
sists in  augmenting  either  tlie  quality,  or  the 
c  4  velocity 
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vdbcity  of  the  latter.  Saving  reduced  to  three 
c^usfes,  which  he  developes  with  much  sagacity^ 
the  results  of  these  Mid  similar  efFe6ls>  hfe  aftw* 
wards  proceeded  to  examine  why,  and  iti  What 
ihtorier/the  want  of  cotitiguity  contributes  so 
powerfully  to  augment  the  energy  of  the  mus- 
ciulir  contra6lioii$.  This  efFedl  he  ascribed  to 
thii  resistance  o|)posed  to  the  passage  of  the  fluid 
by  tiife  stnall  Idyer  of  air  interposed  between  the 
Wo  rtletals ;  ahd  observed,  that  by  the  dimitiution 
of  this  layer  of  air,  the  developement  of  the  con- 
tradlioti  is  facilitated.  He  employed  the  s^me 
principles  in  explaining  a  phenomeiion  which  is 
somewhat  curioiis  and  remarkable,  namely,  the 
contra6lions  which  result  from  the  e5cperiments 
ftiade  with  a  single  homogeneous  coating,  to 
^hich  onie  of  the  extremities  of  the  arc  of  a. 
similar  nature  is  applied,  at  the  moment  when  the 
other  is  in  contaft  with  the  part  of  the  afnimal 
in  a  bare  state.  By  a  similar  theory  Galvani 
accounted  for  ihe  curious  experiment  made  with 
a  drop  of  Water. 
In  a  memoir*  which  contains  a  complete  ex- 
position 

*  Alaysii  Galvani  de  i>mtus  ehSiriciiatis  in  mttu  muscu" 
lari  commentarius,  cum  J.  Aloini  dissert,  et  notis,  Atcesse^ 
runt  epistolce  ad  aiiimalis  eleSiricitatis  theoriam  pertinentes» 
Muhncp,  179^.     jchis^commeniary  is  preceded  by  a  disserta-* 
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Iposition  of  his  discorery,  Galta^j  ptiblish^d 
isevferal  interesting  fetnatks  on  the  eledtricity  ol 
^he  torpedo.  From  the  earliest  date  of  his  dis-* 
<^overy  he  had  paid  a  particular  attention  to  the 
2produdiotis  of  Rbdi,^  Rkaumur,  Walsh,  JoH»r 
Hunter,  and  Spallanzani,.  in  which  this  im- 
-portant  subjeft  is  investigated  ;  and  took  ad- 
"vaiitage  bf  the  nfev^  data  he  had  acquii^d  on  the 
subjedt  of  metallic  irritation,  to  go  still  farther 
^han  his  illustrious  predecessors  in  this  particulaf 
"traA  of  science.  In  a  voyage  he  made  to  th€f 
-Adriatic  Sea,  he  had  a  convenient  opportunity  tcr 
'^nniltiply  his  trials,  which  became  the  subjteft  of  a 
Jearned  dissertation.  His  experi'ments  beings 
-Jiowever,  more  immediately  conned  ed  with  com- 
Mtion  eledhicity,  than  with  galvanism,   it  will  bfe 


"•ion  by  Aldiki^  on  the  origin  rfnd  progress  of  animal  deftri-* 
city.    It  i%  divkted  into  four  parts,  in  which  the  following  gab-^ 

Jfeds  arc  ttcated :  First,  the  power  of  artificial  elearicity  on 
snuscnlar  motion.  Secondly,  the  power  of  atmospherical  elec- 
tricity on  the  same.  Thirdly,  thdt  of  animal  eledricity  oa  the 
above  muscular  movements.  And,  lastly,  the  conje6buref 
hazande^  tjr  the  litrthor,  dnd  the  consequences  he  draws  frocrf 
Ihe  abote  mbj^i.  The  platiBs  by  which  this  memoir  is  illi^ 
trated,  are  three  in  nunober,  and  contain  twenty-seven  figures. 
It  is  followed  by  a  letter  from  M.  Carminati,  professor  of 
medicine  at  the  university  of  Pavia,  to  the  author,  on  the  sub- 
jed  of  the  different  opinions  held  by  the  latter,  and  by  Volt  A," 
iriative  to  the  -trnc  ^cat  of  anixbal  deftricity.' 

sufficient 
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sufficient  in  this  place  to  observe^  that  the  most 
interesting  of  them  are  those  made  by  Galvani 
with  prepared  frogs.  These  frogs  having  been 
laid  on  different  parts  of  the  surface  of  torpedoes^ 
and  disposed  in  various  dire6lions,  were  all  of 
them  thrown  into  a  convulsed  state  at  the  same 
moment.  He  obtained  the  same  result  from  his 
subsequent  experiments  on  the  muscles  and  heart 
of  frogs  placed  on  torpedoes ;  and  established  a 
new  point  of  analogy,  heretofore  unknown,  be- 
tween the  eledlricity  of  the  torpedo  and  com- 
mon eledlricity. 

Galvani,  constantly  occupied  by  his  favourite 
hypothesis,  made  several  other  experiments  on 
animal  eledlricity,  with  a  view  to  ascertain  whe- 
ther it  is  provided  with  a  stimulating  power  simi- 
lar to  that  of  common  eledricity,  or  of  the  elec- 
tricity of  the  torpedo.  In  examining  its  action, 
he  had  recourse  in  the  first  instance  to  the  mus- 
cles, his  experiments  on  which  appeared  to  him 
to  demonstrate  that  the  phenomena  of  animal 
eleftricity  are  precisely  similar  to  those  of  the 
above  cited  eledricities,  and  that  it  is  conse- 
quently endued  with  the  same  stimulating  pro-' 
perty.  Before  he  drew  this  conclusion,  however, 
he  made  several  experiments  on  the  nerves, 
which  are  ailed  on  and  irritated  with  greater 
e^se  than  the  muscles.  .  The  only  result  he  ob- 
tmn^d  from  th.Qse  experimentSji  which  were  coa-«. 

dueled 
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da^led  with  great  ingenuity,  was  the  existence  of 
the  eleftric  fluid  in  the  galvanic  are.  He  con- 
tended^ that  this  fluid  irritates  in  its  passage,  all 
the  parts  of  the  animal  of  which  the  arc  is  com* 
posed.  It  has,  notwithstanding,  been  proved 
by  recent  experiments,  that  the  parts  of  the  ani- 
mal do  not  essentially  possess  the  faculty  of  sup- 
plying and  inculcating  this  fluid. 

Such  were  the  experiments  of  Galvani,  and 
such  the  conclusions  he  drew,  with  a  view  to  the 
establishment  of  his  hypothesis  relative  to  the 
existence  of  animal  eledlricity.  We  shall  now 
proceed  to  detail  the  labours  of  other  naturalists 
on  the  same  subject ;  following,  as  nearly  as  may 
be,  the  order  of  tiipe  in  which  their  experim^ts 
were  made. 
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Experiments  of  M.  Valli  on  animal  eleSiriciiy^ 
as  they  were  repeated  by  the  late  French  Aca^ 
demy  of  Sciences,  and  by  tlie  Royal  Society  of 
Medicine  of  Paris-^^These  experiments  were 
made,  as  well  on  aniTnals  with  hot  bloody  us  au 
cold-blooded  animals. 


M.  VAliLI,  an  Italian  physician,  was,  among 
jphysiologists,  one  of  the  earliest  to  enter  on  a 
series  of  galvanic  experiments,  tvhich  he  begati 
by  those  that  relate  more  immediately  to  animal 
eleflriclty.  The  result  of  these  experiments  he 
communicated  in  17 Q2  to  the  late  French  Aca- 
demy of  Sciences,  by  the  members  of  which  the 
experiments  themselves  were  so  much  approved, 
that  the  greater  part  of  them  were  shortly  after 
repeated  in  the  chemical  laboratory  of  Fourcroy. 
They  are  as  follows  : 

Experiment  I.  Two  metallic  coatings,  one  of 
lead,  the  other  of  silver,  were  placed  on  a  frog 
fastened  to  a  table,  the  former  on  the  belly  of 
the  animal,  the  latter  on  the  pelvis.  These  me^ 
tallic  coatings  having  been  brought  in  union  by 
the  means  of  an  exciting  arc  of  copper,  very  power- 
•     .  ful 
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fij  convulsive  movements  were  produced  in  the 
animal. 

Experiment  II.  The  small  sheet  of  lead  ^em- 
ployed as  one  of  the  coatings  in  the  former  expe- 
riment, having  been  removed,  so  as  to  leftve  the 
abdomen  bare,  and  tJie  exciting  arc  applied  in  the 
(same  way  as  before,  t!ie  convulsive  movements 
took  place,  but  were  not  so  sensH>]e  as  in  the 
otlier  case,  Theaujior  candidly  avows  tliat  ihi* 
experiment  does  not  {ilvvays  succeed. 

Experiment  III.  In  emplojiug  two  coatings 
jof  the  same  metal,  silver  or  gold  for  instance, 
dt  was  found  that  the  etfeifts  produced  by  the  ex- 
Jciting  arc  of  copper  uere  much  weaker.  W  hen 
"these  coatings  were  «at  only  of  similar  metals, 
iuch  ag  copper,  lead,  tin,  zinc,  &c.  but  the  ex- 
icittng  arc  also,  no  effeft  was  produced. 
-  Experimettt  IV.  The  coating  placed  on  tlie 
«.bdomen  having  received  an  horizontal  diietlion, 
(insomuch  that  tlie  points  of  contact'  were  less 
Oiutaerous,  the  cttefts  were  proportionally  dimi-* 
wished.  As  soon,  however,  as  the  coating  was 
•brought  into  full  conta(i^  with  the  surface  of  the 
^abdomen,  they  became  as  powerful  as  heretofore. 
£a:p_eriment  V.  A  frog  having  been  skinned, 
*nd  Cut  transverBely  through  tlie  middle,  the 
flerves  of  the  thighs  were  laid  bare,  united,  and 
placed  on  a  piece  of  gold,  at  the  same  time  that 
■the  thighs  themselves  were  brought  in  conta(5l 
with 


iHrtth  a  piece  of  silver^  Ort  the  applicatiofi  of  tifa« 
exciting  arc  of  copper  slight  movemets  were  pre* 
ducQd  ;  as  they  also  wefe  when  both  the  coatings 
tirere  of  silver.  But  when  a  coating  of  tiri,  l^a(i> 
or  copper,  was  substituted  to  the  one  of  silver  in 
which  the  nerves  were  enveloped,  the  movem^iU 
became  very  violent*  The  following  gradatioft 
was,  however,  t6  be  observed  in  the  aAion:of  thfe 
metals :  the  lead  produced  the  most  powerfiil 
movements ;  -  next,  the  tin  5  and,  lastly,  the  c^*^ 
per.  In  proportion  as  the  vitality  of  the  frog 
was  diminished,  the  metals  also  lost  the  power  of 
governing  the  diredlion  of  the  progress  i  of  the 
ele6hic  fluid  in  the  animal;  The  lead,  tin|  and 
zinc,  preserved  this  property  the  longest./  .,  r 
•  JExperimentYl.  Plumm,6rs'  lead,  placed  .oa 
each  side  as  a  coating,  produced  no  effeA  wheat 
employed  with  an  exciting  arc  of  the  sajne  de- 
scription of  lead;  but  when  different  qualities  jof^ 
this  metal  were  sele6ted,  such,  for  JnjBtance,,  ai 
the  lead  of  the  assayer,  and  plummers*  Ijgad,  an 
exciting  arc  of  either  of  these  descriptions.  oCth^t 
metal  produced,  very  singular  efFe49:6,  :;Whefi 
these  two  kinds  of  lead,  in  changing  the  difFqf enyt 
metals,  were  no  longer  productive  of  any  ^ffeft 
in  one  of  rtbe;  coatings,  by  substituting  to.-th^ 
5ead  eitheu  silver,  gold,  bisrtiuth,  antimony,  cm* 
jsdnc,  niovements  of  so  powerful  a  nature  were 
jobtamed  as  to  enable  the  animal  to  be  susceptible 
.:-  of 
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light  convulsions,  when  the  above-mentioned 
pieces  of  lead,  each  of  them  of  a  distindt  kind, 
Vera  again  applied. 

Experiment  VII.  A  short  interval  of  repose 
having  been  allowed  to  the  frog,  it  was  found  to 
be  susceptible  of  convulsive  movements  of  a 
forcible  nature,  when  again  subjedled  to  the  same 
trials. 

Experiment  VIII.  The  eledlric  power  being 
nearly  exhausted  in  this  animal,  it  was  found 
that  the  different  metals,  when  they  produced  by 
their  contaifl  new  convulsions,  did  not,  on  this 
efFefl  ceasing,  leave  to  the  animal  the  faculty  i3f 
displaying  fresii  movements  with  the  coatings  of 
the  different  kinds  of  lead  above-mentioned. 
Experiment  IX.  Lastly,  the  eletflric  action 
{appeared  totally  in  the  following  order,  the 
plummers'  lead  invariably  forming  one  of  the 
coatings:  the  assayers'  lead  first  ceased  to  de- 
termine the  a£lion  ;  next,  the  tin  ;  next,  the  anti- 
mony ;  next,  the  zinc  ;  next,  the  copper  ;  next, 
the  gold  ;  and,  finally,  the  silver.  It  ought  here 
to  be  noticed,  that  the  iron  had  lost  its  exciting 
quality  before  the  antimony ;  but  it  was  not  ascer- 
tained whether  it  had  likewise  been  deprived  of 
this  quality  before  the  lead  and  the  tin. 

Experiment  X.  The  zinc,  in  losing  the  ex- 
citing property  by  which  convulsions  had  been 
produced  on  the  frog,  which  had  been  subjefled 
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to  the  experii^ient  for  the  sp^ce  of  ^a  jiOji^'j  waf 
j^ot  cap9.ble  of 'determining  any  farthep?  siover' 
ment  when  the  leaden  exciting  arc  was  pUip^d 
^  it.    It  was,  howeyor,  reni?irke4>  th^t  move- 
ments were  still  |^:oduced  by^  j^i§  ffl^etal  the  mof 
pient  the  perj^cm  exjigaged  in  thp  experixnenJt  re-- 
jnaovjed  the  exciting  arc,  and  xjf^stroyed  the  comv 
munication.     This   singular  experiment  wa?  ^(f 
^ten  repeated,  as  not  to  leave  any  douht  respe(9:- 
inj^  the  result.  :  •   ,• 

.  Experimmt  ,^.,  The  i;ipper  part  of  a  fro^ 
jsfcinned  and  injt^er^i^fted  trjgtnsversely,  having  its 
crural  nerves  rarraed  with  a  pieqe  of  lead,  as  in 
the  preceding  e^eriments^  was  placed  in  a  glass 
filled  with  water^  wliile  the  inferi9r  part  of  the  ^ 
^nimal  was  placed  in  another  gljiss.  The  diffe* 
rent  parts  displayed  very  powerfijl  movements 
when  the  communication  was  established  by  the 
mjcans  of  a  chain  formed  by  the  company,  t;wo  of 
tlje  persons  present  having  been  se]e6ted  tp 
touch,  each  of  them  the  water  in  one  o(  the 
glasses.  One  of  these  individuals  held,  ifi  hi^ 
hand  a  bit  of  metal,  which  he  brought  in  con^ac^l 
with  the  coating  of  lead, 

Experiment  XII.     When  one  of  the  comparijr 
withdrew  himself  in  such  a  way  as  to  interrupt 
the  chain,  tl>e  movements  were  no  longer  per- 
•^feptible. 
.    JE^^periment  ^llh    The  parts  of  the  frog  hay.- 
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^gbeen  placed  in  the  two  glasses,  as  in  Exp.  XI. 
■fhe  operator  could  not  excite  any  movement  by 
jpstablishing  the  communication  with  his  two 
fingers.  He  was  equally  unsuecessfu!  when,  with 
jOne  hand  armed  with  a  piece  of  metal,  he  touched 
the  body  of  the  frog,  while  he  placed  a  finger  of 
the  other  hand  on  the  metallic  coating  of  the 
Iprural  nerves.  But  when,  having  a  finger  placed 
Jon  the  inferior  part  of  the  frog,  he  presented  the 
jiiece  of  metal  to  the  coating  of  tlie  nerves,  very 
^werftil  movements  were  excited  in  the  animal. 

Experiment  XIV.  When  the  frog  was  touched 
.with  a  metallic  exciting  arc  in  an  insulated  state, 
;o  sensible  efFeft  was  produced ;  but  when  the 
■metal  ceased  to  be  insulated,  the  efFedl  was  in- 
yvariably  very  considerable. 

Experiment  XV".  One  of  the  fore  legs  of  a 
^bbit  having  been  detached  from  the  body, 
the  brachial  nerves  were  denudated,  and  armed 
'ith.  a  piece  of  sheet-lead.  A  piece  of  silver, 
•which  was  to  a<3:  as  an  exciting  arc,  was  after- 
'ards  laid  on  an  adjacent  nTtiscle ;  and  the  result 
'as,  that  very  violent  convulsive  motions  were 
jiroduced  in  the  animal.  In  this  experiment  on 
tthe  rabbit,  as  it  was  afterwards  varied,  one  of  the 
■coatings  being  of  plummers'  lead,  and  the  other 
if  assayers'  lead,  the  movements  were  no  longer 
acited.  When  they  consisted,  the  one  of  lead, 
and  the  other  of  iron,  they  produced  as  little 
VOL.1.  B  efFcdtj 
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efFe6l;  but  when  the  lead,  as  one  of  the  coat« 
ings,  was  tried  with  another  coating,  either  of 
silver,  gold,  copper,  zinc,  or  antimony,  convi^* 
sive  movements  were  produced.  Combined  with 
a  coating  of  bismuth,  the  coating  of  lead  ,pro-r 
duced  but  very  slight  movements. 

Experiment  XVI.  To  ascertain  the  state  of 
the  eledlricity  inherent  in  the  animal  subje6led 
to  the  experiment,  it  was  plunged  into  a  vessel 
containing  one  of  Coulomb's  ele6lrometers,  and 
successively  eledlrified  both  positively  and  negar 
tively.  In  either  of  these  cases  the  animal  influ-» 
enced  the  balls  of  the  eledlrometer,  so  as  not 
only  to  evince  that  the  eledlricity  was  in  a  per* 
fed  state  of  rest,  as  well  before  as  during  the 
experiment,  but  also,  that  the  system  of  the  body 
'x>n"  which  it  was  made,  presented,  in  the  n\pst 
marked  and  striking  manner,  the  phenomenon  of 
a  Ley  den  phial. 

Experiment  XVII.  The  left  crural  ^lerve  of  a 
living  frog  having  been  bound  by  a  strong  liga-^ 
ture,  the  animal  lost  the  faculty  of  moving  in  ^ 
natural  way,  the  part  beneath  the  -point  whq^ 
the  ligature  was  tied.  The  nerve,  however,, 
having  been  armed  in  the  same  manner  as  in  the 
preceding  experiments,  •  the  ^lovements  were  ejn-* 
cited  as  soon  as  the  communication  waa  esta-< 
Wished  between  the  muscle 'and  the  part  above 
the  ligature,       .    ^         ' 
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Experiment  XVIII.  The  ligature  having  been 
made  on  the  left  crural  nerve,  sufficiently  near  to 
the  muscle  to  be  in  contadl  with  it,  and  on  the 
right  crural  nerve  in  such  a  way  as  to  render  it 
<iisengaged  and  visible,  the  left  part  of  the  ani- 
mal, being  in  a  palsied  state,  remained  perfeflly 
motionless,  while  the  convulsive  movements  ex- 
cited by  tlie  communication  were  all  of  them 
confined  to  the  right  side.  The  above-men- 
tioned left  crural  nerve  havijig  been  afterwards 
more  effe£tually  denudated,  and  separated  from 
the  muscular  substance  by  which  it  was  sur- 
rounded, recovered  its  quality  as  a  conductor, 
and  permitted  the  movements  which  were  com- 
municated to  display  themselves  with  consider- 
able energy.  When  the  ligature  was  forced 
back  against  the  muscle,  the  limb  again  lost  the 
iaculty  of  motion. 

Experiment  XIX.  One  of  the  crural  nen'es 
having  been  armed  with  a  ])icce  of  sheet-lead, 
a  communication  was  estabhshed  between  this 
merve  and  the  other  crural  nerve  in  an  unarmed 
«tate.  The  result  was,  that  very  powei-ful  con- 
vulsive movements  were  produced. 

Experiment 'Kyi,  One  of  the  above  ner\'es, 
coated  with  two  pieces  of  lead,  at  different  inter- 
vals of  the  muscle,  was  violently  agitated  as  soon 
as  a  communication  was  established  between  the 
two  parte  by  the  means  of  an  exciting  arc.  The 
D  2  earns 
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^ame  efPedls  were  observed,  notwithstanding  every 
'part  of  the  nerve  was  laid  bare,  and  separated 
from  the  surrounding  muscle. 

Experiment  XXI.  An  attempt  was  made  to 
establish  the  same  communication  in  experiment- 
ing on  a  living  animal  with  hot  blood,  a  guinea 
-pig.  The  result  was  not,  however,  so  satisfac- 
tory as  there  was  reason  to  expedl. 
'  About  the  same  time  that  the  above  experi- 
ments, as  they  had  been  described  by  Drl  Valli, 
%ere  repeated  by  the  French  Academicians^  they 
'^ere  also  tnade  before  the  late  Royal  Society  of 
.Medicine  of  Paris.  On  this  occasion  M.  Man- 
-i>UYT,  distinguished  by  his  talents  arid  industry 
in  the  application  of  eleiftricity  to  the  healing 
Wt,  was  present.  He  was  led  to.  consider  tt^e 
;^tFe61:s  which  resulted  from  the  experiments  as 
dependent  on  common  electricity;  but  was  at 
the  same  time  of  opinion,  that  they  proved  two 
.  additional  fa6ls.  In  the  first  place,  that  the  me- 
tals were  charged  with  a  different  quantity  of  the 
electric  fluid,  insomuch,  that  when  they  were 
brought  in  contadl  with  each  other  a  discharge 
ensued.  And,  secondly,,  that  the  animal  body, 
by  which  the  elecftric  fluid  is  rendered  perceptible, 
is  a  more  delicate  ele6trometer  than  any  ooe 
:  heretofore  discovered. 


-» •»  • 
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in  the  progress  of  his  new  experiments,  M.  Valli 
observes  all  the  phenomena  noticed  by  Galvani 
— — 7%e  eleBricity  of  animals  independent  of  their 
vitality — The  presence  of  the  el^Bric  fluid  ne- 
cessary  to  the  existence  of  men  and  animals'-^^ 
Experiment  made  with  a  view  to  ascertain  the 
identity  of  the  nervous  and  eleSlric  fluids — Ob^ 
servations  of  Fontana  on  the  movement  of  t/ie 
heart — Re^eSlions  of  M.  db  la  Mbtherib  on 
animal  eleSlricity^    • 

THE  experiments  of  Dr.  Valli,  given  lit 
%he  preceding  chapter,  were  followed  by  several 
t^inmunications  made  by  him  to  the  editors  o^ 
the  French  Philosophical  Journal  (Journal  de 
3?hysique.)  The  following  is  the  substance  of* 
"his  letters,  which  contain  several  new  and  very 
interesting  experiments^ 

In  his  earliest  communication,  M.  Valli  con-» 
tents  himself  with  describing  the  phenomena  he 
had  observed  in  prosecuting  his  experiments^ 
without  attempting  to  establish  any  theory,  ot*  to 
derive  any  of  those  consequences  which  would 
have  required  a  greater  body  of  fa6ts  than  were 

2)3  as 
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as  yet  collected  on  the  subject  of  animal  eiec^ 
tricity.  He  notices,  that  he  had  observed  all  the 
phenomena  perceived  by  Galvani  ;  arid  that 
they  had- alike  taken  place  on  the  animal,  whe- 
ther in  an  insulated  or  in  a  non-insulated  state^ 
by  the  means  of  condu6tors  of  different  metals,  . 
the- successive  changes  of  which  had  rendered  the 
elc(9:ric  commotions  more  manifest.  He  ac- 
knowledges, Notwithstanding,  that  the  conduc- 
tors of  silver  had  constantly  appeared  to  him  to 
produce  a  inore  sensible  efFedl  than  tlie  others. 

Being  desirous  to  ascertain  the  space  of  time 
during  which  frogs  were  enabled  to  resist  thfe 
fatigue  and  sufferings  i'esiilting  from  the  expe- 
riments. Dr.  Valli  prepared  two  frogs  "lat  ten 
o'clock  at  night.  On  the  following  morning,  at 
^even  o'clock,  they  were  extremely  feeble,  but 
not  without  movement.  In  both  of  them  weak 
convulsions  were  produced  by  the  common  expe*^ 
riment.  At  the  expiration  of  another  hour  they 
ceased  to  give  any  farther  sign  of  vitality,  in  spite 
of  all  the  efforts  which  were  made  for  their  resus- 
citation. On  several  subsequent  occasions,  pre- 
pared frogs  having  been  left  during  the  nighty 
were  found  in  a  desiccated  state  the  next  morn- 
ing, and  ceased  to  give  any  sign  of  vitality^ 
After  having  separated  several  of  the  muscles 
from  the  body  of  a  frog,  and  having  torn  them, 
it  was  impossible  to  excite  their  irritability  by  a 

mecha^ 
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DkecKanical   stimulus ;  but  this  was  efFedled  by 
the  medium  of  the  cdndudlor. 

On  this  subjeA,  Dr.  Valli  proposes  Iwo  ques- 
tions,   in  the  first  plaCe,  whether  the  move- 
ment of  the  muscles,  produced  by  irritation,  ot 
by  the  nerves  with  which  these  muscles  are  pro- 
Tided,  is  different  from  the  one  which  results 
irom  the  discharge  of  the  ele6):ric  fluid  ?  And, 
secondly,  which  of  these  movements  has  the 
^eatest  affinity  to  those  that  are  voluntary  ? 
•  The  results  of  thirteen  experiments  made  with 
opium,  which  was  employed  in  different  ways, 
both  internally  and  externally,  were  very  dif- 
ferent from  each  other.     In  an  experiment  made 
with  powdered  tobacco,  four  frogs,  which  had 
by  this  mean  been  rendered  insensible  to  tortures, 
aiad  were  in  a  state  of  the  completest  stupefac- 
tion, were  nevertheless  made  to  display  symp* 
toms  of  vitality,  on  the  application  of  the  ex- 
citiiig  arc*     Several   lizards,  poisoned  with  to- 
bacco, and  which  were  convulsed  at  the  time  of 
their  death,  did  not  lose  their  eledlricity.     A  va- 
riety of  experiments  were  afterwards  made  on 
different  animals  and  fishes,  namely,   on  cats, 
dogs,  eels,  tenches,  &c. 

M.  Valli  having  noticed  in  hi^  details,  that 
the  ligature  made  on  the  nerve  presented  an 
obstacle  to  the  passage  of  the  ele6lricity,  M* 
Fattow,   a  naturalist,  apprized  him  that  this 

^4  was 
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was  not  an  invariable  consequence.  He  accord- 
ingly  repeated  his  experiments,  and  observed  that 
tlie  ligature  of  the  nerve,  made  close  to  its  in- 
sertion in  the  muscle,  entirely  impedes  its  move- 
ment ;  but  that  if,  on  the  contrary,  it  is  placed 
at  a  distance  from  the  muscle,  the  experiment 
Succeeds  perfedlly  well,  every  part  of  the  animal 
becoming  a  conductor  of  the  ele(9:ricity. 

A  very  singular  faft,  which  deserves  the  particu- 
lar attention  of  naturalists  is,  that  the  tremulous 
Inotions  produced  in  the  animal  by  the  means  of 
the  exciting  arc,  are  generally  more  powerfVil  if 
this  arc  be  carried  from  the  muscles  to  the  coating, 
than  if  it  be  conveyed  from  the  coating  to  the 
muscles.  If  the  latter  mode  be  employed  at  a 
time  when  the  eledlricity  is  so  weak  as  to  be 
nearly  in  an  exhausted  state,  it  will  be  impossible 
to  excite  the  movements  which  will  be  readily 
obtained  by  the  former  process. 

Slight  wounds  inflicted  in  the  brain  of  frogs, 
occasionally  cause  them  to  become  convulsed, 
while  at  other  times  they  render  them  paralytic, 
and  at  others,  again,  are  not  attended  by  any  such 
serious  consequences.  In  some  instances  the 
animal  perishes  suddenly  from  the  injury;  in 
others,  at  the  expiration  of  a  few  hours  ;  and 
^gain,  in  others,  survives  for  several  days.  Frogs 
which  have  long  been  subje6led  to  the  opera^tion 
of  the  conductor,  more  especially  in  water,  sud- 
denly 
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deiily  fall  into  a  corrupted  state.  How  extra- 
ordinary will  it  be,  observes  M.  Valli,  if  here- 
after it  should  be  found  that  the  elcdlric  fluid 
retards  putrefa6lionj  and  resists  the  dissolution  of 
bodies  !  Prior  to  the  discovery  of  galvanism,  it 
Hvas  known  that  the  fluid  which  circulates  in  the 
nerves  is  a  powerful  antiseptic. 

Inflammable  air,  or  hydrogen  gas,  extin- 
guished in  a  small  bird,  a  fauvette,  the  vital  prin- 
ciple, but  did  not  destroy  its  eleftricity.  The 
fore-legs  of  two  kittens,  killed  in  azotic  gas, 
gave,  after  having  been  prepared,  the  same  signs 
of  eleiSricity.  A  similar  result  was  obtained,  in 
other  experiments,  from  the  extract  of  hemlock 
administered  to  animals,  whose  elediricity,  it  would 
therefore  appear,  or  rather  the  capacity  of  the 
parts  in  which  it  is  contained,  is  not  diminished 
by  poisons.  Several  frogs,  exposed  to  the  exha- 
lation of  corrupted  flesh,  displayed,  after  their 
death,  signs  of  electricity,  which  were  not,  how- 
ever, of  a  very  powerful  nature. 

M.  MoscATi,  one  of  the  most  celebrated  na- 
turalists of  the  present  age,  is  the  author  of  two 
experiments  highly  creditable  to  his  talents  and 
genius.  Several  frogs  which  had  bi^n  deprived 
"of  life  in  the  vacuum  of  Boyle,  were  subje<5ted 
to  an  experiment,  the  result  of  which  was  the 
■production  of  small  movements,  following  each 
"other  in  rapid  succession,  but  obtained  with  some 

diffi- 
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difficulty.  On  this  occasion,  there  was  an  6Ji 
travasatioa  of  blood  in  the  cellular  membrane  of* 
the  muscles,  which  tinged  the  flesh  of  a  deep 
red.  The  blood,  being  a  conducSor  of  elec- 
tricity,  had  dispersed  in  this  case  a  portion  of  it^ 
at  the  )5ipence  of  the  nerves  by  which  the  elec-^ 
trie  fluid  was  enabled  to  reach  the  muscular 
fiblre«  When  this  experiment  was  repeated  on 
prepared  frogs,  there  not  being  any  extravasation 
of  blood,  the  electricity  ceased  to  be  impeded  or 
diminished.  Several  analogous  experiments  were 
made  by  M.  VaLli,  and  published  in  his  work 
entitled,  ^^  Dissertation  on  the  blood,  considered 
both  in  its  healthy  and  diseased  state." 

By  the  following  experiment  he  proved  that^ 
Without  augmenting  the  degree  of  eledlricity,  its 
velocity  can  be  increased.  He  took  a  prepared 
frog,  against  which  he  dire(5lcd  a,  given  torrent , 
of  eleArlcity,  by  the  means  of  a  chain  which, 
touched  the  nerves  of  the  animal.  The  frog^ 
which  at  the  beginning  displayed  convulsive  move- 
ments, afterwards  remained  motionless  for  some 
time.  On  removing  the  cohdudtor  to  an  incon- 
siderable distance,  the  motions  of  the  frog  again 
took  placet;  but  shortly  after,  the  animal  fell 
into  its  former  inert  state.  The  current  of  the 
eledlricity  having  been  afterwards  accelerated  by 
the  approximation  of  an  insulated  condudlor  to 
the  muscles  of  the  frog,  the  movements  wei'e 

instantly 
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instantly  displayed.  On  their  subsiding,  M.  Vall( 
established  a  communication  between  himself  and 
the  conduiSor ;  and  the  result  was,  that  the 
movements  were  immediately  excited.  The  in- 
ference lie  drew  was,  that  the  eIe<Sb'icity  is  con- 
Btantly  the  same,  however  the  mode  of  its  appli- 
cation may  be  varied.  He  observes,  however, 
that  the  same  thing  does  not  invariably  happen 
in  operating  on  an  animal  in  the  ful!  enjoyment 
of  liCe,  and  in  which  there  reside  causes,  capa- 
ble either  of  retarding  or  accelerating  the  motion 
of  the  cleiSlric  fluid.  He  therefore  deems  it  of 
■  "importance  to  seek  these  causes,  more  particu- 
larly in  the  different  modifications  of  the  sensa,- 
tion  of  the  nerves,  in  the  different  proportions 
of  their  cortical  and  medullary  substances,  and 
perhaps  also,  in  another  nervous  principle  blended 
with  the  eledric  fluid,  to  which  it  is  more  or  less 
united,  according  to  the  circumstances. 

There  are,  he  observes,  still  many  researches 
to  make  on  this  subject,  many  obscurities  to  clear 
up,  many  errors  to  destroy,  and  many  explana- 
tions to  give.  The  demonstration  of  the  exist- 
ence of  e!e6hicity  in  the  animal  machine,  is  a 
great  step  towards  the  advancement  of  science, 
and  will  tend  to  explain  many  phenomena  which 
Vould  otherwise  have  been  left  obscure.  It  i3 
known,  for  instance,  that  men  and  animals  live 
for  a  long  time  without  having  their  blood  re- 
freshed 
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freshed  by  new  chyle  of  a  benign  quality.  If  thd 
blood  were  the  source  from  whence  the  principle 
which  animates  all  the  parts  of  the  machine  13 
drawn^  and  if  without  it  there  could  be  neithei^ 
motion  nor  operation  in  the  system,  life  could 
not,  at  so  great  an  expence  of  that  fluid,  be  of 
any  long  duration.  The  mystery  is  now  unveiled ; 
the  animal  which  does  not  receive  aliments,  at-- 
tradis  to  itself,  and  draws,  as  well  from  the  earth 
as  from  the  atmosphere,  that  precious  and  neces^ 
Sary  principle,  the  eledlric  fluid. 

It  having  been  suggested  to  M.  Valli,  that^ 
/or  the  purpose  of  deciding  whether  the  nervous 
and  ele6lric  fluids  are  in  reality  one  and  the  same^ 
it  wa^  necessary  to  have  recourse  to  the  eledlro- 
ineter,  he  fell  on  the  following  expedient.  Being 
at  the  moment  unprovided  with  an  electrometer 
efficiently  delicate  for  his  experiment,  he  pre- 
pared fourteen  frogs,  the  crural  nerves  of  which 
he  united  in  a  single  coating.  Having  put  thii 
battery  in  order,  and  established  the  communi- 
cation by  the  means  of  an  exciting  arc  between 
the  nerves  and  the  muscles,  he  excited  the  elec- 
tricity they  contained,  and  consequently  produced 
the  shocks.  At  the  moment  of  the  discharge^ 
two  very  small  pieces  of  straw,  in  some  measure 
separated  from  each  other,  and  nearly  touching 
the  apparatus,  were  instantly  brought  into  con- 
tact.    The  result  was  consequently  the  same  as 

would 
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JWould  have  been  obtained  by  an  eledlrometer. 
M.  Valli  afterwards  repeated  the  experiment 
with  that  instrument,  and  obtained  very  sensible 

■signs  of  eleflricity,  thus  demonstrating  the  iden- 
tity of  the  fluids  in  question. 

In  a  letter  read  before  the  late  French  Aca- 
demy of  Sciences,  he  acknowledges  the  error 
into  which  he  had  fallen,  wlien  he  observed  that 

!it  was  necessary  to  apply  a  coating  to  the  tunics 

(of  the  nerves,  to  give  a  free  passage  to  the  elec- 
tric fluid,  seeing  that  the  coating  should,  ac- 
rcording  to  every  probability,  be  considered  merely 
as  a  condenser  of  the  eleiftricity,  the  movement 
being  alike  obtained,  whether  the  nerve  be  coat- 
ed, or  the  muscle  itself. 

The  different  metals,  when  employed  as  coat- 
.  ings,  or  as  exciting  arcs,  present  singular  pheno- 
mena.   Thus,  with  silver  and  gold,   the  animal 
,  gives  but  feeble  tokens  of  vitality,  or  denies  them 
.altogether.     This   was   clearly  demonstrated  in 
the  experiments  which  M.  Valli  made  in  the 
Jlfresence  of  the  commissioners   of  the  French 
fAcademy  of  Sciences.     He  is  of  opinion  that, 
'^  by  repeated  trials  made  with  the  different  metals, 
'as  well  as  with  their  mixtures  and  alloys,  it  would 
be  possible  to  obtain  such  relations  as  would  dis- 
cover the  hitherto  unknown  laws  of  that  power- 
fi\i\  agent  of  Nature,  the  eledric  fluid. 

Being 


ing         I 
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Being  persuaded  that  this  agenj;  may  be  subJ 
diied,  and  made  to  circulate,  by  the  means  of  a 
oimple  coating  of  th^e  muscle,  he  conceived  the 
idea  of^obtaining  the  same  result,  without  de- 
priving the  flesh  of  its  integuments.  The  expe- 
riments he  made  on  this  subjeft  did  not  con- 
stantly succeed,  unless  when  two  coatings  were 
^plied. 

After  the  reascms  he  had  already  given  and 
the  arguments  he  had  employed,  to  prove  that 
the  movements  which  are  excited  by  the  artifi- 
dtal  means  described  by  Galvani,  differ  from 
tfiose  produced  voluntarily  by  the  animal,  and 
that  these  two  descriptions  of  movements  are 
essentially  different  in  the  mode  of  their  pro- 
duction, he  relates  a  few  fa6ls  and  experiments^ 
to  confirm  the  doctrine  he  had  established  oa 
'  that  head.     He  afterwards  relates  the  result  of  a 
iinall  number  of  experiments  he  had  made  mth 
the  different  pbisons  and  gases,  on  frogs,  mice, 
tats,  and  tortoises ;  in  the  prosecution  of  which 
experiments  he  was  obliged  to  allow  intervals  of 
»  S6;yeral  minutes,  not  merely  to  give  repose  to  the 
i  iHfiimal,  so  as  to  enable  it  to  display  new  signs  of 
^  cle^ricity,  but  also  to  leave  a  sufficient  space  of 
-  time  for  the  re-establishment  of  the  equilibrium  ; 
•  a  condition  essential  to  the  discharge  of  tjhe  elec- 
tric fluid.    Entertaining  a  suspicion  that  thia 

destrug* 
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idestnu^ion  of  the  equilibrimn  might  have  heea 
■i)rocluced  by  the  medium  of  the  nerves,  which, 
tgreeaWy  to  his  hypothesis,  by  their  pressure 
incessantly  draw  tlie  ele6tric  fluid  from  the  iuter- 
'nal  surface  of  the  muscle,  he  contrived  several 
■experiments,  on  wliicli  it  is  unnecessary  to  dwell 
in  this  place,  as  M.  Valli  acknowledges  that, 
to  be  enabled  to  bestow  on  them  a  sufficient  de- 
gree of  credit,  it  would  be  necessary  to  repeat 
them.  It  will  not,  however,  be  amiss  to  observe, 
'•that  this  property  of  the  nerves,  by  which  the 
*ele£lric  fluid  is  conjedured  by  him  to  be  express- 
■td  from  the  muscles  and  conveyed  to  the  brain, 
Sa  regarded  by  M.  Valli  as  essential  to  the  ani- 
al  economy.  He  considers  it  to  be  necessary, 
lifiot  only  to  the  voluntary  motions,  but  also  to 
'the  operations  of  the  intelle6lual  faculties,  and  to 
'the  sensible  affei^tions, 

M.  VicQ.  D'AzYR,  member  of  the  late  French 
Academy  of  Sciences,  having  proposed  to  M. 
Valli  the  two  following  questions,  namely, 
whether  the  blood-vessels  are  condu<Slors  of  elec- 
tricity ?  and  whether  movements  could  be  ex- 
cited by  their  medium,  provided  they  were  to  be 
coated  instead  of  the  nerves  ?  the  latter  replied 
by  an  observation  which  he  had  already  made, 
that  however  the  blood-vessels  may  be,  as  they 
assuredly  are,  conductors  of  eleftricity,  the  nerves 
[one  are,  in  consequence  of  the  mode  in  which 
they 
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they  are  disposed,  capable  of  exciting  muscular 
movements.  This  opinion,  which  he  pronounces 
decidedly,  is  supported  by  no  less  than  nineteen 
aperiments. 
Unquestionably,  he  observes,  the  arteries  and 
Jlreins  are  condudlors  of  electricity,  but  less  so 
Kj&an  the  nerves,  which  deprive  them  of  a  portion 
their  eledtricity,  as  is  demonstrated  by  the 
Kond  of  the  above -cited  experiments.  In  sup 
.port  of  this  dotSrine  it  should  be  observed,  that 
it  is  impossible  to  obtain  any  movement,  if  the 
vessels  be  distributed  in  a  dire<9:  way  in  the 
.muscles,  without  communicating  with  the  nerves. 
It  is  the  same  with  the  tendons,  notwithstanding 
.they  are  condudlors  ;  as  are  likewise  the  bones, 
but  only  when  they  are  covered  with  their  peri- 
ostium.  The  membranes  also  are  endued  with 
a  condu6ling  quality,  but  are  not  produdtive  of 
movements,  unless  when  they  communicate  with 
.the  nerves. 

It  having  been  observed  that  the  nerves, 
-though  dry,  gave  out  by  iriiSion  tokens -'( 
-elc»£tricity,  M.  Valli  endeavoured  to  ascer- 
tain whether,  in  this  dessicated  state,  they 
-could  be  rendered  conductors  of  the  eleftric 
fluid,  and  excite  movements.  He  found  this 
not  to  be  the  case.  He  was  enabled  to  ascer- 
tain, by  a  scries  of  experiments  made  on  fowls, 
that  ligatures  applied  to  the  nerves,  at  a 
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tain  distance  from  thfe  muscles,  do  not  prevent 
the  movements  of  the  latter*  He  agrees  that 
the  result  of  these  experiments  is  well  calcu- 
lated to  overturn  the  theory  he  had  imagined, 
relative  to  the  identity  of  the  nervous  and  elec- 
trical fluids: 

Having  drowned  several  pullets>  and  after- 
wards, when  they  gave  ^  no  longer  any  sign  of 
life,  which  seemed  to  be  utterly  extinguished, 
endeavoured  to  excite  their  eledlricity,  move- 
ments were  produced  in  a  part  of  them^  by  the 
application  of  the  exciting  arc,  while  the  others 
did  not  give  out  any  signs  of  eledtrieity.  In  re- 
peating this  experiment  on  six  pullets  which 
had  been  drowned,  as  in  the  former  instance,  the 
whole  of  them,  on  applying  the  are,  were  vio- 
lently convulsed,  and  continued  in  that  state  for 
nearly  an  hour.  The  brain  and  wings  of  other 
pulletsj  purposely  drowned,  having  been  laid 
bare  and  armed,  to  give  a  more  extensive  scope 
to  the  experiment,  violent  convulsions  were  pro* 
duced;  but  the  animals  w*ere  not,  as  might  have 
been  expetfted,  restored  to  life*  The  same  ex»- 
periment,  made  6n  two  small  rabbits^  was  fol- 
lowed by  the  same  consequences. 

M.  Valli  having  obtained  the  most  decisive 
proof  that  animal  dedtricity,  when  re-excited  in 
drowned  animals,  has  sometimes  put  in  acftion 
^he  springs  of  the  animal  economy,  to  such  a 

VOL.1.  £  degree 
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degree  as  to  re-kindle  a  life  which  appeared  to 
have  been  altogether  extinguished,  made  several 
attempts  to  ascertain  whether  a  similar  phenome- 
non could  be  brought  about  in  every  description 
of  asphyxia.  He  accordingly  exposed  several 
pullets,  placed  under  glasses,  to  the  a6tion  of 
the  different  gases,  such  as  hydrogen,  the  nitrous 
gas,  and  azote.  All  these  animals  remained  dead^ 
notwitiistanding  the  repeated  efforts  he  made  to 
recal  them  to  life.  The  shocks  which  he  ob- 
tained by  the  ordinary  galvanic  process,  were 
invariably  very  weak,  and  succeeded  each  other 
at  pretty  long  intervals.  He  concluded  from 
hence,  that  the  destru(Stion  of  the  equilibrium  of 
the  ele6lric  fluid,  by  which  the  discharges  and 
movements^  are  occasioned,  depends  on  the  prin- 
ciple of  life,  as  it  is  more  or  less  afFedled  and 
weakened. 

His  first  experiments  not  having  appeared  to 
M.  Valli  sufficiently  conclusive,  he  made  se- 
veral others  on  frogs,  which,  generally  speaking; 
resisted  more  powerfully  the  effe6ls  of  mephitism 
than  the  other  animals  which  had  been  the  sub* 
je6l  of  his  trials.  He  observed  that  the  nitrous^ 
gas  is  more  injurious  to  their  temperament  tbaa 
the  hydrogen  gas  ;  aijd  noticed  also,  that  the 
irritability  of  the  muscular  fibre,  as  well  as  the 
vital  principle,  appear  to  be  preserved  after 
death.  -The  hearty  removed  feom  the  body  of 

the 
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Itie  aniiiialj  and  throvvn  into  the  hydrogeti  gas, 

|)alpitated  with  the  same  energy  as  iii  thfe  body. 

When  brought  in  contadl  with  the  n;trou§  gas, 

it  continued  to  palpitate  for  some  titne.     t^out- 

4of  these  frogs  offered  ^  singula!*  phdnortienon. 

On  the  first  application  of  the  exciting  arc,  they 

became  violently  agitated ;    but  after  three  or 

four  shocks,  becanle  perfe6lly  motionless;  Having 

been  left  for  some  tirhe  in  a  state  of  repose,  every 

lefTbrt  which  was  afterwards  made  to  excite  them, 

proved  in^fFe6lual>  notwithstanding  it  generally 

liappens,  that  in  animals  of  every  description,  and 

Consequently  iri  frogSj  th^  movements  ceSse  gra- 

^dually^  as  they  become  progressively  weakened. 

The  muscles  which  were  exposed  td  the  ac- 
tion of  the  nitrous  gas,  suffered  losses,  Which 
^b/L.  Valli  was  enabled  to  dalculate.  To  eflfeft 
this,  he  separated  the  hinder  extremities  of  A 
frog  froni  each  oth^r,  and  placed  one  of  theni 
beneath  a  recipient  filled  with  nitrous  air,  and 
the  other  beneath  a  glass  filled  with  iatmospheri- 
teal  air.  At  the  expiration  of  an  ihcpnsiderjstble 
^pace  of  tinle^  they  were  subjected  to  the  expe-s^ 
timent.  The  former  of  them  displayed  weaker 
movements  than  the  other,  and  likewise  lost  its 
Vitality  much  sooner.  In  one  instance  it  had 
been  left  so  long  under  the  recipient,  that  it 
did  not  afford  any  evidence  of  eledlricity.  The 
Same  experiment  having  been  repeated  with  the 

£  2  hydrogea 
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hydrogen  gas,  it  was  found  that  it  operated  on 
the  muscular  fibre  with  less  adlivity  than  the  ni- 
trous gas. 

The  azote  is  equally  injurious  to  frogs ;  the 
heart  of  which,  it  is  true,  still  palpitates  after 
their  death,  but  the  movements  of  which  are 
enfeebled  in  a  similar  degiee.  M.  Valli  was  at 
first  persuaded  that  the  nitrous  gas  destroys  the 
conducting  faculty  of  the  nerve,  but  w^as  con- 
vinced of  the  contrary  by  subsequent  experi- 
ments. The  nerve,  according  to  him,  is  in  no 
case  a  conductor,  when  the  eledtricity  is  weak  ; 
or,  admitting  it  to  be  so,  its  conducting  property 
is  so  imperfeCl  as  not  to  produce  a  sensible 
effea. 

Another  peculiarity  of  the  nerves,  which  may 
tend  to  throw  some  light  on  the  do6lrine  of  ani- 
mal electricity,  is,  that  after  the  coating  has  re^* 
mained  for  some  time  on  any  given  part  of  a 
nerve,  the  movement  ceases.     By  changing  its 
position,   and  carrying  it  lower,  the  discharges 
and   movements   are    renewed.     Two    circum- 
stances,  observes  M.  Valli,  ought  here  to  be 
attended  to  : — in  the  first  place,  that  the  opera- 
tor should  hold  the  leg  suspended  in  one  of  his 
hands ;   and  secondly,  that  he  should  touch  with 
the  exciting  arc,  the  coating  only,  and  not  the 
muscle. 

Th6  nervous  fluid,  which  Valli  entitles  elec^- 
■'    ;  trical 
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trical  vehicle,  and  which  is,  in  his  opinion,  secreted 
by  the  small  arteries  that  proceed  to  the  nerves, 
is,  according  to  every  probability,  the  fluid  a<5ted 
on  by  poisons,  as  well  as  by  putrid  mephitic  mias- 
mata*  It  is  in  this  way  that  opium,  on  its  being 
applied  to  a  nerve,  deprives  the  animal  of  the  fa- 
culty of  moving  the  limb  in  which  that  particular 
nerve  is  distributed.  This  also  happens  in  the 
case  of  the  plague.  The  impression  made  by 
miasmata  on  the  nervous  principle,  is  sometimes 
80  powerful  as  to  impair  all  the  fundlions,  which 
in  particular  cases  are  entirely  suspended.  The 
a6lion  of  the  miasma  having  however  ceased,  the 
springs  of  life  are  again  put  in  a6lion  by  the 
powers  of  Nature,  and  in  a  great  measure  by 
animal  ele<^ricity,  which,  in  seeking  to  establish 
an  equihbrium,  excites  the  irritability  of  the 
muscular  fibre.  From  hence  result  the  resusci- 
tations which,  after  an  apparent  death,  occasion 
«o  much  surprize. 

An  experiment  made  by  the  above  physiolo- 
gist, not  only  demonstrated  a  double  circulation 
of  ele6lricity,  but  also,  that  when  the  portions  of 
tlie  ele6lric  fluid  circulating  from  different  points 
meet  in  contadl,  and  one  of  them  has  a  greater 
degree  of  force  than  the  other,  the  weaker  is 
obliged  to  yield,  and  is  entirely  destroyed  by  the 
more  powerful. 

A  very  curious  fa6l  is  related  by  M.  Valli, 

E  3  namely. 
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namely,  that  when,  in  the  progress  of  his  expe« 
riroents,  he  y^as  surrounded  by  several  persons, 
Ihe  movementjs^xcited  in  the  frogs  were  not  so 
pawerful  as  wh^n  he  was  alone,  or  with  oiie  c^ 
two,  individuaU  only.  He  adds,  that  he  could  no( 
obtain^  in  living  frogs,  any  signs  of  eledlricity, 
linless  he  ^id  bare  either  (he  muscles  pr  the  nef  yes* 
He  next  made  several  observations,  which  enat)le4 
him.  tp  ascertain  how  far  his  experiments  werc^ 
injj^vi^enced  by  tlie  will  of  the  animal,  and  notice^ 
\\i^  cpnsteqv^ences  which  resulte4  from  t^is  yqU-. 
^on  on  th^ir  part. 

.  M.  YAhhi  ii^ying  op  a  former  oocasiop  made, 
several  experiments,  to  deteripi^ie  the  space  of 
time  during  which  certain  animals  can  live  with-t 
put  pouri^hm^nt,  repeajted:  them,  and  drew  the 
ipllowipg  fOip.9l>ision3^  that,  in  a  state  of  abstin 
pen^e,^  the  b^^o^  and. humours  still  preserve  their- 
^tural  characteristics.  The  bodies  of  several 
dogs  and  cats,  which  had  died  at  the  end  of  an 
al?stinepce  of  thirty -nine  days,  were  much  longer 
in  passing  into  a  co^ rijipted  state  than  those  of 
api^nals  i^illed  in  th^eir  nat;ural  state,  Jie  notiQe4 
several  part;ici;ilar  fadls,  which  a^^e  in  difedl  op-, 
position  tiO  the  fabjec^iqa  that  has  been  made, 
tJhat  the  y  ood^  .and  hunipiurs  may  be  vitiated  with- 
out bein^  ip  a  putref^cftiye^  st§Lt^,.  H^  afterwards 
endeavoured  to  discover  the  means  e«i ployed  by 

Nature  to  resist  the  ^b^ges-  wbiQh:  result  from 

long 
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Itmg  abstinences  ;  but  as  this  inquiry  is  not  im- 
mediately conne<Sed  with  the  subjeift  in  question, 
it  is  unnecessary  to  enter  into  a  detail  ot"the  au- 
thor's physiological  and  chemical  explanations. 

The  nen'cs  have,  at  each  point,  a  principle 
dependent  on  life,  which  perishes  in  proportion 
4o  the  muscularcontra<5lions.  These contraftions 
vnay  be  considered  as  so  many  eledtriciil  discharges. 
The  experiments  made  by  M.  VAtLi  prove  that 
this  principle  perishes  gradually  of  itself;  and 
that  its  destruction  invariably  commences  at  the 
«pper  part  of  the  nerves.  It  is  erroneous  to  sup- 
pose that  the  nerve  becomes  desiccated  during 
the  operation,  and  that  its  torpid  state,  and  want 
of  energy  to  condudf  the  electricity,  are  to  be 
ascribed  to  that  cause.  By  carrying  from  the 
upper  to  the  lower  part  the  coating  applied  to 
the  nerves,  trying  them  pragrcssively  at  the 
miallest  divisions  of  theii*  lengths,  or,  in  other 
words,  by  establishing  at  these  almost  impercep- 
tible inteiTals,  the  communication  between  the 
coating  and  the  nerve,  M.  Valli  constantly  suc- 
ceeded in  ascertaining  the  precise  point  which 
was  fitted  for  the  experiment,  and  thus  discovered 
the  last  remains  of  the  vitality  of  the  animals 
subjected  to  his  experiments.  It  follows  from 
hence,  that  this  mode  of  existence  of  the  nerves, 
which  enables  them  to  produce  the  muscular 
movements,  that  thi;^  life  of  the  verves,  as  it  is 
E  4  termed 


termed  by  Valli,  is  more  inherent  at  their  ex^ 
tremities  than  at  their  origin,  unless  what  he  de-r 
nominates,  in  common  with  other  naturalists, 
the  extremities  of  the  nerves,  should  on  the  con- 
trary be  in  reality  their  origin. 

All  the  fadls  which  h^ve  been  cited,  prove  that 
the  voluntary  movements  of  the  muscles  are  per-r 
formed  by  a  circuit  of  elediricity,  or  ele6lric  bat-^ 
tery  ;  and  that  the  other  movements,  those  more 
especially  which  depend  on  the  viscera,  obey  ano- 
ther law  which  has  been  already  noticed.  This 
is  the  reason  why,  when  the  nerves  of  the  above 
organs  are  armed  the  exciting  arc  does  not  prO'* 
duce  in  them  any  sensible  change.  The  heart  of 
a  dog,  purposely  killed  for  the  experiment,  did 
not  palpitate,  notwithstanding  the  eighth  pair  of 
perves  was  armed  at  the  time  that  the  viscus 
was  hot  and  reeking.  The  satne  trial  was  made 
on  the  diaphragmatic^  intercostal,  and  great  sym-r 
pathetic  nerves  of  a  horse,  with  precisely  the 
same  result.  A  fore  leg,  the  brachial  plexus  of 
which  had  been  denud^ted,  and  enveloped  in  a 
§mall  piece  of  tin-foil,  did  not  become  convulsed 
when  the  coating  and  flesh  were  touched  with  a 
{§ilver  spoon.  A  few  gentle  oscillations  of  the  mus- 
cles near  the  shoulder  were,  hov/ever,  perceptible. 

It  appears  evident,  that  M.  Valli  has  adopted 
an  inherent  ele6lricity  in  the  different  parts  of 
the  animal  organization,  but  with  this  modifica- 
tion^ 
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tSoTiy  that,  according  to  his  theory,  the  interi6r  of 
the  muscles  is  negative,  and  the  exterior  positive, 
JHe  accounts  for  this  ele<Srical  state  of  the  interior 
j)art  by  the  adiion  of  a  particular  power  residing 
in  the. nerves,  the  existence  of  which  he  seems 
ready  to  grant. 

The  following  are  the  general  results  of  seve- 
Tal  more  recent  experiments  made  by  M*  Valli. 
1st,  That  a  single  metallic  condu6lor  suffices  to 
produce  convulsive  movements  in  frogs  that  have 
been  recently  killed ;  and  that  the  coating,  whe- 
ther applied  to  the  muscle  or  to  the  nerve,  is  not 
|in  essential  condition  to  bring  about  these  move- 
ments.  That  scissars  of  a  bad  quality  of  steel 
were  successfully  emyloyed  by  him  as  a  conduc- 
tor ;  but  that  gold,  silver,  lead,  copper,  and  tin, 
4o  jaot  in  general  produce  any  efFe<3. 

adly.  That  animal  eledlricity  passes  through 
gl^ss  and  sealing  wax,  when  these  substances 
are  thoroughly  heated. 

3dly,  That  water  made  very  >varm,  or  in  a  boil- 
ing state,  disperses  the  ele<Slricity  in  such  a  way 
as  to  destroy  the  phenomena  which  would  other^ 
v^ise  result  from  it. 

4thly,  That  excessive  cold  deprives  this  same 
water  of  the  prpperty  of  concluding  the  fluid  in 
question. 

5thly,  That  the  prepared  feet  of  dogs,  cats,  and 
rabbits,  remain  motionless  when  an  individual 
fprms  a  part  of  the  chain. 

6thly, 
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6thly ,  That  the  diaphragm  of  a  dog  having  been 
plunged  by  M.  Valli  in  a  vessel  erf  water,  in  such 
a  way  as  that  the  phrenic  nerve,  which  had 
been  previously  armed,  wad  made  to  rei^ch  th^ 
external  part  of  the  vessel,  he  was  enabled  ^to  ex- 
cite weak  contractions  in  that  muscle,  by  touch- 
ing the  coating  with  a  coin  of  gold  or  sitvep,  at 
the  same  time  that  he  put  one  of  the  fingers  of 
the  hand  which  was  disengaged  into  the  water. 

7thly,  That  a  metallic  thread,  covered  from  one 
extremity  to  the  other  with  sealing-wax,  ceases 
to  R&.  as  an  exciting  arc  when  the  vitality  of  the 
frogs  begins  to  be  exhausted.  This  is,  accord- 
tog  to  M.  Valli,  a  proof  that  the  electricity 
passes  along  the  surface  of  the  conduftors. 
•  Sthly,  That  the  ligature  of  the  nerve,  near^the 
muscle,  prevents  the  progress  of  the  animal 
elenftricity ;  and  that  a  ligature  made  in  this  way 
opposes  an  equal  resistance  to  artificial  elec- 
tricity. 

pthly,  That  if  a  known  quantity  of  the  ele<?tric 
fluid  fee  conveyed  to  the  crural  nerves  of  frogs, 
one  of  them  tied  at  a  small  distance  from  ther 
muscle,  and  the  other  without  any  ligature,  the 
movements  of  the  latter  will  be  found  to  be  more 
^nsible  than  those  of  the  former. 

lOthly,  That  when  the  artificial  electricity  is 
extremely  weak,  ii '^excites  the  irritabiKty  6{  the 
limscles  of  the  leg  ohly,  the  nerve  of  which  has 
not  been  tied^  although* con tracStions  canlbe  pro- 

duce4 


tSuced  m  the  other  leg  by  the  excitement  of  its 
own  ele^ricity.  The  experiment  furnishes  a 
method  of  calculating  the  power  of  animal  ^lec* 
tricity.  If,  for  instance,  five,  six,  or  seven  de- 
grees! qH  ^rtifiQi^l  electricity  are  not  sufficient  ta 
produce  the  conlraiSions^  at  the  same  time  that 
they  can  b^  generated  by  exciting  the  native 
eleiStricity,  it  may  be  said  th^t  the  latter  i$ 
stronger'  ^h^n  the  given  quantity  of  five^  six,  or 
geyen  d^rees^  &o.     . 

\Hh\y,  and  lastly.  Tha,t  the  excitemeint  pro^ 
duced  in  the  limbs  of  animals  by  the  known  met 
thpd,  instead  of  destroying  their  irritability^  tends 
IQ  give  it  an  additional  support.  This  fad  ren-r 
dqifs  the  following  experiment  more  perspicuous* 
Having  pirepared,  observes  M.  Valw:,  the  wing 
of  a  fowi,  or  the  paw  of  a  cat  or  dog>  I  aubjeded 
it  to  the  customary  trial.  A.t  the  expiratiton  of 
half  an  hour,  I  armed  the  other  wing  of  tho 
fowl^  or  another  paw  of  the  cat  or  dog,  aod  had 
recourse  to  my  exciting  arc.  The  latter  wing^ 
or  paw,  however,  did  not  give  any  sign  of  elecn 
tricity,  while  the  parta  which  had  been  subjected 
in  the  first  instance  to  th-  experiment,  still  conn 
finued  in  a  convulsed  and  agitated  state. 

The  foregoing  experiments  were  made  ia 
liondoa,  from  whence  M.  Vall,!  afterwards  com- 
municated the  following  fadta  to  the  Philomatic 
Society  of  P^ris^: 

1st, 
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1st,  That  Opium,  applied  to  the  extremity  of 
the  nerves,  ails  more  powerfully  than  when  it  is 
applied  to  their  origin. 

2dly,  That  having  subje6led  the  diaphragms  of 
four  horses  to  a  galvanic  experiment,  they  re- 
mained motionless,  at  the  same  time  that,  when 
the  trial  was  made  on  dogs,  the  contra6):ion  of 
that  muscle  constantly  ensued. 

3dly,  That  he  could  never  succeed  in  producing 
contradlile  movements  in  the  heart,  stomach, 
intestines,  or  bladder,  notwithstanding  he  armed 
the  nerves  of  all  these  different  parts. 

And,  lastly,  that  it  required  a  charge  of  arti- 
ficial ele6lricity  of  an  uncommon  strength,  to 
excite  contraftions  in  the  wing  of  a  fowl,  the 
nerves  of  which  were  armed,  and  which  had  been 
previously  steeped  in  oil,  at  the  sime  time  that 
the  native  eleftricity  preserved  nearly  the  whole 
of  its  original  intensity. 

In  a  communication  made  by  Fontana,  on  the 
gubjeft  of  animal  eledlricity,  that  celebrated  natu- 
ralist gives  the  result  of  several  experiments  ana- 
logous to  those  of  Galvani  and  Volta.  The  fol- 
lowing is  an  extraft  of  the  interesting  paper : 

"  Relatively  to  the  movement  of  the  heart,*' 
observes  Fontana,  "  I  have  been  enabled  to  ascer- 
tain that  it  is  easy  to  accelerate  its  contradlions, 
if  it  is  in  motion,  and  to  put  it  in  motion  if  it  is 
in  a  state  of  repose.     For  this  purpose^  it  suf-,. 

fices 
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fices  to  place  it  between  two  metals,  zinc  and 
antimony,  for  instance,  in  such  a  way  as  that  a 
portion  of  this  viscus  may  touch  one  of  the  me- 
tals, and  the  other  portion  the  other.     By  esta- 
blishing a  communication  between  the  two  me- 
tals, by  the  means  of  a  condu6lor,  the  pheno- 
mena I  have  pointed  out  above  will  be  displayed, 
even  when  the  heart  is  separated  from  the  body, 
and  cut  in  pieces.    I  have  also  succeeded  in  pro- 
ducing contra6lions  in  earth-worms,  insedls,  and 
animals  deprived  of  the  brain  and  nerves.    I  shall 
publish  very  speedily  a  work  on  the  new  principle 
of  muspular  movement,   discovered  at  Bologna 
by  the  learned  Professor  Galvani,  and  I  trust 
that  I  shall  be  able  to  demonstrate  incontro- 
vertibly,  that  this  principle  is  not  in  any  degree 
connedled  with  eledtricity,  and  that,  whatever 
it  may  be,  it  neither  brings  about  the  contrac- 
tion, nor  re-produces  the  ordinary  muscular  mo- 
tions in  animals.     Thus  is  this  obscure  principle; 
reduced  to  a  very  fine  phenomenon,  the  nature 
and  uses  of  which  still  remain  to  be  investigated." 
These  experiments  were  repeated  at  Pavia  by 
M.  Marsigli,   in   the    presence  of   Professor 
VoLTA.     The  same  results  were  obtained  when 
zinc  and  antimony  were  employed ;  as  was  also 
the  case  when  the  heart  was  placed  between  silver 
and  tin.     When  a  portion  of  the  heart  of  a  fowl 
was  placed  on  a  bit  of  charcoal,  which  appears, 

bv 
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by  the  experintents  of  Volt  a,  to  be  preferable 
to  the  different  metallic  substances/ and  another 
portion  laid  on  a  piece  of  pasteboard  cavered 
with  tinfoil,  the  heart  contrafted  repeatedly,  and 
became  very  powerfully  convulsed. 
.  Such  is  the  general  result  of  the  exj[:teriitient^ 
tjiade  by  Fontana*  It  is  much  to  be  regretted 
that  he  has  not  hitherto  complied  with  the  pro-« 
mise  he  made,  to  publish  ia  Work  oil  nitisciilar' 
ikiotion^ 

Several  experiments,  similar  to  those  of  Four-' 
TANA,  were  made  about  the  same  time,  that  is^ 
at  the  commencement  of  1793,  by  M^  de  la 
Metherie,  who  remarks  that  charcoal  is  not 
so  good  a  condu6lor  of  common  eledtricity  as 
metallix:;  substances^  This  leads  him  to  observey 
that  flesh  is  iiot  so  powerfully  endued  with  the 
property  of  condu6ling  eledlficity  as  charcoal  ; 
and  he  explains,  in  this  way,  how  it  is  that  a 
person  who  touches  on  the  one  hand  the  de- 
nudated  nerves  of  a  frog,  and  on  the  other 
rtiuscles  also  laid  bare,  does  hot  excite  any  move- 
ment in  the  animal.  The  same  experiment^ 
made  with  water,  was  attended  by  the  same  re- 
sult. The  following  are  the  consequences  which 
this  physiologist  draws  from  his  ei:perimentsy 
taken  colledlively. 

1st,  In  a  prepared  frog  the  €le<£lricity  is  very 
weak. 

iadiyy 
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>.  2dly,  It  is  more  powerful  at  the  iftstant  the 
animal  has  been  deprived  of  life ;  consequently 
it  has  a  still  greater  intensity  in  the  living  ani-^ 
mal ;  and  from  hence  it  follows,  that  it  cannot 
be  made  to  communicate  from  the  nerves  of  a 
fix>g  to  the  muscles,  unless  by  the  means  of  good 
tondu6l<^rs.  Thus  all  the  metals  which  are  good 
conduAors,  however  they  may  vary  in  the  degree 
of  their  efficiency,  establish  this  communication. 

3dly,  Plumbago  and  charcoal,  although  less 
efficacious  condu6i:ors  than  metallic  substances, 
tire,  notwithstanding,  sufficiently  so,  to  enable  the 
^ledlricity  of  the  nerve  of  a  frog  to  find  its  way 
into  the  muscles. 

4thly,  Animal  substances  are  not  sufficiently 
powerful  conductors  to  produce  the  same  efFeft, 
seeing  that  a  person  who  touches  at  the  same 
time  the  denudated  nerves  and  muscles  of  a  frog, 
cannot  establish  the  communication. 

5thly,  Water  is  in  the  same  predicament  with 
animal  substances,  and  is  equally  unfit  to  esta- 
blish the  communication.  Thus,  when  a  pre- 
pared frog  is  plunged  in  water,  with  the  custo- 
.  mary  apparatus  and  the  metallic  coatings,  the 
exciting  ^rc  produces  movements  in  the  animal ; 
for  this  reason,  that  the  water  is  no  more  capable 
of  condudting  this  feeble  eledlricity,  than  the 
atmospherical  air,  when  perfe^ly  dry,  is  capable 
of  coiidu6ling  the  ordinary  ele6lricity,  notwith- 
standing 
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standing  the  latter,  in  its  humid  state,  coh-' 
du6ls  it  perfec^lly  well.  It  is  true,  that  the  ex-' 
periment  succeeds  when  the  prepared  frog  and 
the  metallic  coatings  are  placed  on  a  table  with- 
out being  insulated  ;  but  this  happens  because 
the  table  is  not  in  the  present  instance  a  suffi-* 
ciently  good  conductor,  and  rs  consequently  in 
the  same  predicament  with  the  water. 

These  experiments  appear  to  M.  de  I/A  Mb- 
THERiE  to  obviate  the  objeAions  which  have  been 
made  against  the  identity  of  the  eledlric  fluids 
and  the  fluid  which  produces  movements  in  the 
animals  prepared  as  above.  From  hence  he 
thinks  himself  justified  in  the  conclusion,  that 
the  animal  eledtric  fluid  does  not  differ  from  the 
common  eledlric  fluid,  unless  in  that  particular^ 
that,  in  consequence  of  its  being  much  weaker, 
it  cannot  circulate  without  the  help  of  excellent 
conductors. 

Professor  Tourdes,  of  Strasburgh,  commu- 
nicated to  Professor  Volta  the  result  of  an  ex- 
periment, vv'hich  appeared  to  him  to  resolve  one 
of  the  most  disputed  points  of  physiology,  that 
of  the  vitality  of  the  blood.  iThis  liquid,  he  ob-- 
serves,  deprived  of  the  serum,  lymph,  &c.  re- 
duced to  the  fibrous  part,  and  subjected  to  the 
galvanic,  or  rather  eledtric  apparatus  (for  he  con- 
siders the  identity  of  the  galvanic  and  eledlric 
fluids  to  have  been  incontcstably  established  by 

the 
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the  Professor's  researches),  at  the  temperature 
of  about  thirty  degrees  of  Reaumur  \  (aboat  wi 
hundred  of  Fahrenheit),  exhibited  a  trembding 
oscillation  and  palpitation  analogous  to  those 
experienced  by  the  flesh  of  animals  newly  kill- 
ed ;  a  double  motion  of  contraStion  and  dilata'^ 
tion,  sensible  to  the  eye  by  the  medium  of  a 
magnifying  glass  ;  and  a  charadleristic  mark  of 
the  vital  force  peculiar  to  the  muscles,  cellular 
tissue,  &c. 

A  mind  possessing  the  least  sensibility,  recoils 
at  the  distressing  necessity  of  inflidling  a  pain- 
ful death  on  so  many  animals;  on  which  ac-' 
count,  when  a  physiological  fa6t  has  been  once 
ascertained,  I  have  avoided  any  repetition  of  the 
experiment,  particularly  when  in  the  operation 
the  animal  is  subje6led  to  many  tortures.  Cus- 
tom, perhaps,  more  than  Nature,  occasions  us  to 
consign  so  many  to  purposes  of  luxury  aFone* 
Through  the  gratification  of  an  idle  curiosity, 
to  destine  many  to  agonizing  operations,  is  un- 
warrantable cruelty,  and  particularly  when  the 
ascertainment  of  the  fa<Sl  in  question  is  not  ade- 
quate to  the  sacrifice.  Every  feeling  mind  must 
experience  a  sensation  of  horror  at  the  experi- 
ment of  Spallanzani,  in  destroying  with  hot 
wires  the  eyes  of  a  poor  bat,  merely  for  the  in- 
dulgence of  an  idle  whim.      A  series  of  experi-i 

VQX- 1,  #  mentt 


60  ^TQUftBISS  ON  THE  BLOOOf 

ments  on  animals  is  only  Justifiable^  wlren  tho 
result  may  prove  of  advantage  to  our  fellow^ 
creatures;  then^  and  then  alone,  our  fillings 
me  balanced  by  the  interest  of  hunianity« 
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CHAP.  IV. 

Galvanic  experiments  of  M.  Berlinghiebi,  of 
Pisa — Singular  experiment  of  M.  Volta  with 
metallic  substanc€s-~Experiments  made  on  am- 
putated limbs — Neio  faBs  relative  to  galvanism 
'-^Confirmation  of  the  system  of  Galvani— ■ 
Zjetters  of  M.  Vassali-Eandi  on  galvanism 
— Premiums  proposed  for  dissertations  relating 
to  galvanism. 


TOWARDS  the  close  of  the  year  1792, 
^M.  Berlinghieri,  of  Pisa,  in  a  letter  to  M.  ds 
lk,A  Mether:e,  announced  that  he  had  been  em- 
J>loyed,  in  concert  with  M.  Pignotti  and  his 
brother,  in  making  a  series  of  galvanic  experi- 
inents,  the  details  of  several  of  which  he  trans- 
mitted.   They  are  to  the  following  efFe<£t : 

1st,  It  was  observed  that,  to  produce  contrac- 
tile movements  in  an  animal,  it  was  sufficient  to 
establish  the  communication  between  the  bent 
tnetallic  rod  and  the  crural  nerves,  above  the 
point  where  they  are  inserted  in  the  thighs. 

2dly,  That  it   is  of  no  importance  whether 

the  bent  rod  of  metal  is  forced  into  the  spinal 

marrow,  the  brain,  or  any  other  part,  it  being 

,    F  a  simply 


^  (58     BER LIN GHIERl'SGALTAKIC  EXPERIMENTS. 

simply  necessary  to  remove  that  portion  of  the 
spine  which  is  between  the  origin  of  the  crural 
nerves  and  their  insertion  in  the  pelvis,  and  to  take 
out  the  abdominal  viscera.  It  is  even  sufficient, 
'to  produce  the  contra6lions,  that  one  of  the  fore 
feet  of  the  frog  should  be  tied  with  a  piece  of 
ixon  wire,  and  a  communication  established  be- 
Jween  the  wire  and  the  crural  nerves  or  thighs. 
-  3dly,  That  having  cut  off  the  head  of  a  frog, 
token  out  the  abdominal  viscera,  and  laid  bare 
th^prural  nerves,  without  disse6ling  them„  and 
without  removing  the  spine,  as  is  usually  done, 
on  piercing  any  part  of  the  trunk  whatever,  with 
a  bent  rod  of  iron,  n6  contradtions  will  be  pro- 
duced when  a  cdmmunication  is  established  be* 
Iween  the  rod  and  the  thighs.  But  if  the  rod  te 
touched  with  an  extremity  of  the  exciting  arc, 
and  the  crural  nerves  with  the  other,  extremity 
at  the  same  moment,  very  pov/erful  contract 
tions.  will  be  produced. 

4thly,  A  singular  experiment  made  by  M. 
YoLTA,  which  leads  to  the  subsequent  *  experi- 
ipients  of  M.  Berlinghieri,  is  here  cited^.  It  is 
as  follows  :  Take  a  crown-piece,  place  it  on  your 
tongue,  and  examine  the  sensation  it  produces. 
Take  a  piece  of  tin-foil,  and  dq  th^  s^me.  Next, 
put  a  crown-piecq  unjJer  the  tongue,  over  whicH 
|ay  the  piece  of  tin-foil,  each  of  these  subist^nces 
tQUching,  the  i^ongue,  but;  vyithou^  Jjein^  any 

.       '  '  wher4 
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Wherein  contaA  with  each  other.  Now,ybring: 
the  part  of  the  tin-foil  which  projedls  from  the; 
lliouth  in  conta6l  with  the  crown-piece.  .  The 
moment  it  touches  it>  and  so  lohg  as  it  conti-- 
nu6s  in  contaft,  you,  will  feel  on  the  tongue  a 
Very  singular  and  remarkable  sensation  *• 

The  above  naturalists  were  desirous  of  ascer- 
taining, whether  there  is  any  analogy  between  the. 
above  phenomena  and  those  displayed  by  d  pre-^ 
pared  frog  subjefted  to  experiment.  For  this 
purpose,  after  having  cut  off  fhe  head  of  a  frog^ 
5nd  taken  out  the  whole  of  the  abdominal  vis- 
cera, without  dividing  the  sjpinei  they  lAti-oduced 
a  bit  of  tin-Foil  between  the  spine  and  the'fcrUral 
nerves,  contriving  that  the  latter  should  He  t)ri 
Ihe  tin-foil.  They  now  took  a  silver  needle^'  skid 
feipplied  it  in  such  a  Way  to  thfe  nerves,  as  that 
Ihey  should  be  between' the  silver  and  the  tiri> 
iBirithdut  the  foil  being  any  where  touched  by  the 
»eedle.     While  the  apparatus  was  in  this  posi* 
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*  This  experiment,  and  others  which  vtrill  be  noticed  here- 
after, prove  that  the  experiment  made  by  Sultzer  did  not 
lead  to  the  discovery  of  galvanism ;  and  that  the  naturalists 
who  have  been  employed  in  making  researches  on  that  sci* 
eoce,  were  perfedly  well  acquainted  with  the  above  experi- 
ment, which  the  greater  part  of  them  did  not  think  it  neces- 
sary to  mention,  for  the  reasons  given  in  the  first  chapter  of 
this  work.  .       . 

F3  tion. 
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tion,  no  contra£lions  were  to  be  noticed  in  the 
frog;  but  as  soon  as  the  needle  was  brought  in 
contact  with  the  tin-foil,  in  whatever  way  this 
was  contrived,  very  powerful  contra^ions  wer« 
instantly  perceived  in  the  muscles  of  the  animal. 
This  experiment  was  repeated  a  considerable 
number  of  times,  and  invariably  succeeded  when 
it  was  cautiously  made.  It  appeared  to  the  natu- 
ralists in  question,  to  present  a  striking  analogy 
between  the  experiments  of  Galvani  and  the 
above  cited  experiment  of  Volta. 

In  concludmg  his  letter,  Berlinghieri  ob- 
flerves,  that  the  phenomena  in  question  are  not 
only  peculiar  and  appropriate  to  the  frog,  but 
that  Galvani  had  noticed  them  in  experiment- 
ing on  animals  with  hot  blood.  The  latter,  how- 
ever, he  observes,  require  a  peculiar  process 
which  is  as  follows  :  After  having  dissedied 
crural  nerve,  or  any  other  considerable  nei 
whatever,  and  cut  it  at  a  certain  height,  to  sepa- 
rate it  from  its  superior  part,  it  should  be  coated 
by  surrounding  it  with  a  piece  of  tin-foil  at  its 
summit,  and  the  communication  then  made  in 
the  usual  way,  by  touching  the  coating  with  one 
of  the  extremities  of  the  exciting  arc,  and  the 
muscles  in  which  the  nerve  is  distributed  with 
the  other  extremity.  This  experiment  has  suc- 
ceeded pecfedlly  well  on  animals,  and  even  on 
man.  In  the  hospital  of  St.  Ursulaj  at  Bologna. 
simi 
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i  fcmilar  trials  were  very  successfully  made  on  the 
Amputated  arms  and  legs  of  several  of  the  pa^ 
kients,  whose  cases  had  rendered  the  operation 
necessary. 

-  It  may  not  be  improper  to  digress  in  this  place, 
by  observing  that  Mr.  Larrey,  late  surgeon- 
general  to  the  French  army  of  Egypt,  in  a  letter 
Eddressed  to  the  Philomatic  Society  of  Paris  in 

'tiie  year  1793,  states,  that  having  been  obliged 
to  amputate  the  thigh  of  a  man,  whose  leg  had 
been  fractured  and  lacerated  by  the  wheel  of  a 
carriage  passing  over  it,  he  was  led  to  repeat  the 
experiments  of  Gal  van  i  and  Valli.  Having, 
tccordingly,  disse<fted  the  popliteal  nerve,  the 
trunk  of  which  he  insulated  to  its  smallest  rami- 
fications, he  inclosed  the  trunk,  id  a  piece  of 
Bheet4ead,  after  having  denudated  the  trunks  of 
the  internal  and  external  gastroaieinii  muscles. 
He  now  took  a  pile  of  silver  in  each  of  his  hands, 
and,  touching  with  one  of  them  the  coating  of 
lead)  brought  the  other  hand  in  conladt  with  the 
muscles,  which  became  so  violently  convulsed  as 
to  afFeft,  by  their  contradtile  and  spasmodic  mo* 
tions,  both  the  leg  and  foot.  This  experiment 
Was  repeated  by  Dr.  Starck  with  a  similar  re- 
(?ult.  It  is  observed  by  each  of  these  physiolo- 
^sts,  that  pieces  of  steel  or  iron  did  not  produce 
any  very  striking  efFed  ;  but  that  when  a  bent 
silver  probe  was  employed  as  a  condudlor,  not*- 
F4  '  with- 
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withstanding'  th^  aimputated  limb  was  at  die  time 
nearly  cold,  the  effeSi  was  very  sensibly  increased** 
/  TaTcturri  to  M.  Bbrlinghieri.  He  did  not 
confine  himself  to  the  experiments  contained  in 
the  letter  which  has  just  been  analysed,  but;  in  a 
communication,  addressed  to  the  Philomatic  So- 
ciety'of  Paris,  brought  forward  new  evidences:  of 
the  •  idto'tity  •  of  the  •  animal  fluid  and  eledricity. 
Heobserrosi  .  yr  -^     • 

i  Isty'lrhat  naturalists  hadr  been  led  into: an 
erftor,':when.  they  'supposed  ,that;  it  required  a 
huitetogeneity  *  in  the  •  metals  employed  ibr  the 
poating  and  for  the  exciting  arcs^o  since  he  iiad  . 
fretjuently:  obtained  a  decisive  result  whistPJie 
empteyed  iron  as  a  condudlor,  as  W^s  ^Iso^'fre-i 
Itjuently  the  <tase  when  he  emj5l6yed  ii<6n  and  i^e^l 
fconjointly^  '=  '•  '•  '  '•  '-*' 

•  ■■  ^iidly,  That  heaving  disse6ted  the  crural  nerves 
6f  ia  frog  from  one  extremity  to  the  other,  and 
cut  therft  trAAbvfers^ly  in  the  middle  part,  he  had 
Separated  theW^tb  tW  distance  of  about  vtii  mch, 
and  havifig'!aid  them  on  a  surface  of  glass,'  had 

r  ■ 

•filled  up  thfe  interstice  between  them  with  i  bar 

<)f  silver.     By  the  application  of  the  exciting  arc 

very  remarkable  efFedls  were  now  produced  ;  but 

a  piece  of  sealing jwax  having  been  substituted  to 

the  bar  of  silver,  destroyed  the  communication, 

-and  put  an  end  to  the  movements  and  contrac- 

"tioris.  •  .     - 

These 
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'  These  two  latter  experiments  were  repeated  in 
Paris  by  the  commissaries  of  the  Philomatic  So- 
ciety, by  whom  they  were  found  to  be  perfeflly 
corre<9:.  They  noticed  particularly,  that  the 
coatings  and  exciting  arcs  of  homogeneous  me- 
tals, such  as  tin,  plommers'  lead,  iron,  &g.  which 
they  employed,  excited  very  sensible  movements 
in  the  frogs  immediately  after  they  had  been 
prepared  for  the  experiment.  When  the  above 
condition  is  observed,  the  effects  cease  very 
speedily ;  but  re-commence  as  soon  as  the  metal 
fcf  one  of  the  two  coatings,  or  that  of  the  excit- 
,ng  arc,  is  changed. 

'  The   commissaries  in  question,  in  repeating 
■era!  of  the  experiments  of  M,  Bgrlinghieri, 
lOticed  the  following  faifts,  which  did  not  ap- 
•pear  to  tbem  to  have  been  hitherto  observed  : 

Ist^  The  phenomena  remarked  in  the  espe- 
rimftnts  already  before  the  public,  continue  to 
take  plnce  in  vacuo,  where  they  even  subsist  after 
the  ailinission  of  the  air. 

2dly,  ft  was  observed  that  living  bodies  are 
not  sufficiently  powerful  conduiiors  to  deter- 
mine the  p.issage  of  the  fluid.  Thus,  a  person 
who  presents  his  fingers,  instead  of  the  exciting 
arcs  and  coatings,  does  not  produce  any  move- 
inent  or  coiitradion  in  the  animal ;  but  if  he 
arms  either  of  his  hands  with  the  smallest  me- 
tallic coiiduiftor  possible,  for  instance,  with  the 
point 
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point  of  a  needle,  he  in  that  case  excites  vetf 
singular  convulsive  movements.  • 

3dly,  The  effedls  on  coId-blooded  animals  ap* 
pcared  still  more  remarkable  in  oil  than  in  water, 
and  remained  noticeable  for  a  much  longer  time. 

4thly,  A  piece  of  metal  of  any  description, 
whatever  may  be  its  condutfting  quality,  if  it  be 
covered  with  a  superficies  of  mercury,  loses  its 
primitive  quality,  and  merely  becomes  a  conductor 
of  the  fluid  in  the  same  way  with  any  other  piece 
ofmefa!  covered  with  mercury  in  the  same  manner, 

5lhly,  A  very  thin  plnte  Of  glass,  not  more 
than  the  fifteenth  part  of  a  line  in  thickness, 
suffices  to  prevent  the  passage  of  the  fluid,  and 
altogether  to  impede  its  efl^effls. 

Gthly,  Artificial  eledlricity,  by  a  direct  appli« 
cation  continued  for  some  time,  deprives  the 
animal  of  the  faculty  excited  by  the  metallic  con* 
tadt.  The  discharge  of  a  small  Lejden  phial  pro-, 
duces  the  same  efieiSi:. 

7thly,  An  animal  placed  on  a  condu£lor  charged 
with  artificial  ele(9:ricity,  whether  positK-e  or  ai 
gative,  presents  the  same  phenomena  when  si 
jefled  to  the  preceding  experiments. 

8thly,  An  animal,  insulated  and  plunged  into 
an  eleclrical  atmosphere,  that  Js,  placed  at  the 
distance  of  two  feet  from  a  conducing  body 
which  is  eletftrified,  becomes  violently  convulsed 
as  often  as  the  observer,  by  drawing  a  spark. 


1 


CORTAMEEET  ON  ANIMAL  ELECTHICITT,       75 

irives  the  conduflor  of  the  e!e<flricity  it  han 
.ved. 

[  It  has  been  already  noticed  that  Berling- 
IIERI,  in  one  of  the  letters  he  addressed  to  the 
ilomatic  Society,  communicated  a  partlcillar 
Lperiment  of  Vqlta,  observing,  that  he  had 
lund  a  complete  analogy  between  that  experi- 
Ment  and  those  of  Galvasi,  on  arming  the 
pfirves  of  the  spine  of  a  frog  in  the  same  man- 
pa  ;  and,  lastly,  that  the  movements,  which  did 
pot  take  place  until  the  moment  of  contatSl, 
X>inted  out  the  sensation  of  the  animal.  In  re- 
wating  the  above  experiment,  the  commissaries 
f^  the  society  made  an  additional  observation, 
lamely,  that  the  taste  was  very  perceptible  when 
nro  different  metals,  each  of  them  applied  to  one 
if  the  surfaces  of  the  tongue,  wcie  brought  in 
ipntaft.  This  taste,  which  is  slightly  acid,  and 
liccasionally  saline,  varies  sensibly  wlien  the  me- 
tals are  changed.  In  this  case  it  is  considerably 
augmented,  more  especially  when  one  of  the 
two  pieces  of  metal  has  been  rubbed  over  witli 
mercury.  The  taste  is  then  considerably  stronger, 
and  occasions  aa  abundant  discharge  of  saliva. 
Zinc  and  silver  also  produce  a  very  powerful 

In  a  memoir  published  by  Cortambert,  mem- 
ber of  the  Medical  Society  of  Emulation  of  Paris, 
the  author  endeavours  to  demonstrate  that  the 
expla- 
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explanation  of  animal  eleftricity^gi veh  by  dAt^ 
VAN  I,  however  ingenious  it  may  bey  cannot 
maintain  its  gi'ound  agdirist'afc  niultitudeof  oligec- 
tions  which  have  been  makie  16  it,  seem^th'at 
an  external  force  and  an  internal  force  cahift^ 
be  admitted  iii  the  serves,  so*  long  as  eitlierof 
thesig  force  is  not  insulated  fron;i  the-  otheri 
There  is   not,  he  observes,  -irf' ^he  animaP  ifeai- 

»  -  *  » 

chihe,  any  mean  by  which  one  piarf  of  the  tierve 
-eahbe  charged  atthefexpenceof  theothei^jby'tlii 
'establishitientof  a  positive  e!e<Sricity  and  a  hega* 
tJ^e  •  fele Aricity.  '  Metallic  sulistances  cahttdr  bfe 
•tensidered  as  condensers,  sirtce  inelals,  far  from 
^possessing  that  property,  are  excellent  cbtiduc^ 
^tors  of  eledlricity  ;  and,  even  should-  these  diffi** 
culties  be  passed  over  in  silence,  it  niay  be  A^ked^^ 
where  the  power  resides  which  performs  during 
life  the  function  of  a  coating  ?  Artd  by  "i^hat 
conducting  art  this  power  is  enabled' to  establish 
a' correspondence  between  the  parts  ele6trified  in 
pttcs,  and  those  eleftrified  in  minus?  On  the 
other  hand,  before  an  attempt  was  made  to  poiirt 
out  the  laws  which  the  nervous  fluid  follows 'ih 
its  adlion,  it  ought  to  have  been  incontrovertibly 
proved,  that  it  is  the  same  with  the  eledlric  fluid. 
The  following  are  the  most  conclusive  experi- 
ments in  favour  of  that  opinion  ;  but  as  the  au- 
thor of  them,  M.Valli,  observes,  they  stand  ih 
need  of  frequent  repetitions  to  be  confirmed.-  - 
-     .  The 
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•  'The  crural  .  nerves  of  fourteen '  frogs  were 
linited  in  a  single  coating,  and  the  contra<^ion9 
having  been  produced  in  the  customary  mannei*^ 
two  bits  of  straw,  placed  very  near  this  apparatus, 
were  instantly  brought  in  conta6i  with  eftch 
oth^.  In  a  simitar  experiment  the  ball  of  tlii5 
electrometer  was  sensibly  attracted ;  and  on  an-^ 
other  occasion,  the  hairs  of  a  mouse  were  made  to 
stand  ere6l.  To  this  theory,  the  following  6h^ 
je6lions  may,  however;  be  made : 

1  st.  That  a  person  who  touches  the  coating, 
does  not  produce,  in  the  animal,  the  discharge  of 
ele6lricity  he  would  nevertheless  produce  on 
touching  the  ele6lrical  machine. 
.  2dly,  That  these  phenomena  take  place  m  a 
fsimilar  way  in  animals  which  are  not  insulated* 

3dly,  That  the  eledlric  fluid,  as  has  been  ob-> 
served  by  Hali^er,  cannot  be  retained  in  the 
serves,  and  ought  of  necessity  to  be  distributed 
in  every  other  part,  supposing  even  that  the 
perves  are  the  best  condudtors  of  eledlricity. 

4thly,  That  a  ligature  made  in  a  nerve  impedes 
Jhe  circulation  of  the  nervpus  fluid,    . 

Sthly,  That  the  condu(5ling  property,  as  it 
]vould  appear,  is  not  the  same  in  the  eledtricity  of 
the  nerves  and  in  common  electricity.  For  in- 
stance, charcoal,  which  is  a  bad  conductor  of  the 
latter,  excites  more  powerful  contractions  than 
|l^)se  produced  by  metallic  substances. 

These 
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I      These  fa(?ls,  combined  with  others  which  it  is 
!.  unnecessary    to   detail    in   this  place,    occasion 
[  doubts  at  the  least,  whether  the  nervous  fluid  be 
[  the  same  with  the  eledlrical   fluid,  retained  by, 
[  and  aAing  in  the  substance  of  the  nerves.     It 
Would  however  appear,  that  if  the  nature  of  this 
I  'fluid  has  not  as  yet  been  demonslratedj  its  exist- 
r  ence  ought  no  longer  to  be   doubted  ;  and  that 
the  discovery  of  Galvani  possesses  the  advan- 
I  iage  of  having  given  a  reality  to  a  system. 
I       Such  appears  to  be  the  decided  opinion  of  Cor- 
*AMBERT :  Gaillard,    another  member  of  the 
I  Medical  Society  of  Emulation  of  Paris,  likewise 
I  made  several  ingenious  galvanic  experiments.    In 
■    repeating  those  of  the  Italian  naturalists,  he  ob- 
t  served  that  the  different  metals  do  not  at5l  with 
the  same  efficacy  on  the  animal  economy  ;  and- 
that  in  proportion  as  this  difference,  which  may 
[  he  stiled  galvanic  capacity,  was  great,  the  mor& 
f  owerfal  was  their  adtion  when    combined.     In 
[  conformity  to  this  ratio,  he  classed  those  with 
I  trhich   he  operated,  and    arranged  them  in  the 
I  following  order  :    Zinc,  tin,  lead,  antimony,  iron, 
[  bismuth,  copper,  mercury,  and  silver.     He  after- 
Wards  endeavoured  to  ascertain   the  degree   Jin 
which  the  purity  of  the  metals,  the  temperature, 
I  ind  nature  of  the  medium  employed,  and  finally, 
[   the  excitability  of  the  animal,   influence  experi- 
ments of  this  nature.    He  concluded  by  attempt- 
■  ing 
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ing  to  apply  to  the  operation  of  galvanism  a  con- 
iiderable  number  of  vegetable  and  mineral  sub- 
stances. Those  which  contained  any  portions  of 
Snetal  succeedetl  in  a  greater  or  less  degree,  ac- 
cording to  the  nature  and  quantity  of  the  latter. 
The  etFcdls  of  charcoal  alone  were  liowever  par- 
ticularly striking,  although  its  different  degrees 
f>f  purity  were  productive  of  very  sensible  va- 
riations. 

At  the  time  wlien  the  above  researches  were 
made,  the  following  letter  was  addressed  to  M. 
,  pELA  Methehie,  by  M.  Vassalli-Eandi,  aa 
Italian  naturalist.  It  is  given  in  the  author's  own 
words  : 

"  You  ask  my  opinion  relative  to  galvanism, 
that  is,  relative  to  the  cause  of  the  muscular 
contraftions  which  are  excited  when  the  nerves 
end  muscles  of  a  living  animal,  or  of  an  animal 
recently  dead,  are  touchetl  at  the  same  time  by  a 
substance  possessing  the  property  of  conduiSing 
|he  eledlric  fluid. 

"  Your  inquiry  is  direfled  to  the  nature  of  the 
agent  which  produces  the  commotions.  Whether 
it  is  the  eledbic  fluid,  excited  or  put  in  motion 
by  the  contact  or  slight  friiftion  of  metals,  or  of 
Other  heterogeneous  bodies  ?  Whether  it  is  the 
eledtricity  peculiar  to  the  animal,  communicated 
ty  the  conducling  substance  from  one  part  of  an 
Organised  body  to  another  i     Or  lastly,  whether 
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it  is  a  fluid  difFerent  from  ele<ftricity  ?  These  arc 
questions  whicb^  in  my  opinion,  have  not  as  yet 
been  resolved  by  any  truly  decisive  experimenti 
notwithstanding  so  much  has  been  written  and 
said  on  this  subje6t. 

"  The  memoir  of  Dr.  Galvani,  whose  name 
has  acquired  so  just  a  celebrity,  came  to  my  hand 
at  a  very  early  period ;  and  after  I  bad  repeated 
his  experiments  successfully,  and  added  a  ,few  of 
iny  own,  I  obsefrved  that  it  was  necessary  to  wait 
for  still  more  demonstrative  proofs,  to  be  ena« 
bled  to  establish  a  solid  theory.  I  am  still  dis-i 
posed  to  persevere  in  the  same  opinion.  Indeed^ 
after  having  seen  the  delicate  and  ingenious  ex- 
periments of  Professor  Volta,  a  considerable 
number  of  which  I  have  repeated  with  the  same- 
results,  I  have  been  almost  inclined  to   think 

with  him,  that  the  muscular  contractions  are  ex-— - 
cited  by  the  eledlricity  of  the  metals,  or  of  the  — 
heterogeneous  l^odies  which   are   employed  as  ^ 
condu6lors  ;  and  that  consequently  the  existence    — 
of  animal  eleftricity  cannot  be  perceived  in  the     - 
phenomena  noticed  by  Galvani,  which,  in  con- 
formity to  this  theory,  prove  nothing  more  than 
that  animals  are  electrometers,  still  more  sensible 
to  the  smallest  degree  of  eledlricity  than  any 
-Other  elciftrometers,  •    .     '  '  .  :* . 

•  "  The  experiments  I  made  with  my  eledlro- 
jR^ter  with  gold  handily  appear  ta  confirm  this 
'*  opinion^ 
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opinion  J  seeing  that  the  smallest  atoms  of  seal- 
ing-wax, of  rasped  chocolate,  &c.  laid  on  that 
instrument,  bestowed  on  it  a  sensible  ele<ftricity, 
whii^h  was  invariably  produced  by  the  almost  in- 
sensible fridlion  that  takes  place,  when  a  small 
stick  of  sealing-wax  is  employed,  however  lightly 
and  delicately  the  operation  may  be  performed. 
It  is  not  difficult  to  be  persuaded  from  hence, 
that  animals  are  eledlrometers,  sensible  to  the 
elijAricity  excited  by  the  conta6l  or  gentle  fric- 
tion of  heterogeneous  bodies.  But  if,  as  I  stated. 
to  Professor  Volta,  the  muscular  contractions 
are  caused  by  the  eledlricity  excited  in  the  me- 
tals by  contact,  how  does  it  happen  that  they  do 
not  take  place  when  the  metal  which  touches 
the  nerve  or  muscle  is  rubbed  by  a  non-condu<ft- 
ing  body  ?  The  ele(3:ricity .  is  notwithstanding 
very  strong  in  this  case ;  and  still  the  contrac- 
tions are  not  produced.  It  has  however  been 
ascertained,  that  a  more  powerful  artificial  elec- 
tricity, whether  positive  or  negative,  excites 
contraction  s. 

*'.  I  might  add  several  other  reflections  on  this 
subject ;  but  I  do  not  propose  in  this  place  to 
examine  the  question.  I  shall  proceed  accord- 
ingly to  th§  theory  of  Galvani,' improved  by 
his  nephew  Aldini.  A  short  time  ago,  the  latter 
stated  to  me,  that  his  uncle  was  prepared  to  reply 
to  all  the  objections  brought  forward  by  Volta. 

VOL.  I.  G  I  trust 
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I  trust  that  this  work  will  be  completed,  and  that 
the  philosophical  sciences  will,  on  thi&  head,  be 
recompensed  by  Aldini,  for  the  loss  they  have 
sustained  by  the  death  of  the  illustriQus  Gal-^ 

VANI. 

^*  According  to  the  theory  of  these  two  learn-, 
ed  professors,  the  animal  body  is  a  description 
of  Ley  den    phial,    or  magic    battery;    inf   one 
part  of  which  there  is  an  excess  of  d5e6lricity, 
and  in  the  other  a  deficiency.     Thfe  condudling 
body  communicates  the  fluid  of  the  part  where  it 
is  abundant,  to  the  part  where  it  is^  defective;, 
and  in  this  passage  of  the  electricity,  the  muscu- 
lar contractions  are  obtained  in  the  same  way  as 
the  discharges  are  produced  by  the  Leyden  phial 
or  magic  batteries.     As  the  conducting  bodies  q^- 
the  elecSlricity  are  the  sole  agents  in  the  dischax^j^ 
of  the  Leyden  phial,  so  the  same  bodies  alijfie: 
serve  likewise  to  excite  the  muscular  contradtions. 
Now  as  the  Leyden  phial,  after  a  few  discharges,  . 
no  longer  gives  out  any  signs  of  ele6lricity,  in  the 
same  way  the  animal,   after  having  been 
the  subject:  of  several  contra6lions,  remains  mo- 
tionless.    Nature  avails  herself  of  the  passage  o 
the  eledlricity  to  bring  about  the  different  move- 
ments, and  perhaps  even  for  the  purpose  of  per* 
ception.  . 

"This  simple  theory,  notwithstanding  it  i$ 
supported  by  the  greatest  analogy,  and  by  a  yar 

riety 


|ety  of  elefiricaj  phenomena,  is  stUl  dcfictent  in 
'itleiice  ;  for  if  the  animal  body  be  compared  to 
fl  Lcydeu  phial,  when,  in  the  case  of  the  latter  a 
jpnducfting  arc  is  brought  near  to  the  ball  which 
Ipmmitnicates  with  the  inner  part  of  the  phial, 
rfjile  the  other  extremity  of  the  arc  touches  the 
mitcr  part,  hght  bodies  are  seen  to  dart  from 
^  ball  to  the  arc.  The  same  phenomenon 
light  to  titke  place  in  the  animal  Leydcn  phiaiy 
;'I  may  be  allowed  to  employ  such  an  expres- 
on.  However,  although  Dr.  Valli,  Professor 
i&NDr,  my  uncle,  and  several  other  persons,  have 
:rted  that  they  had  observed  eledrical  move- 
nts in  the  experiment  of  Galtani,  as  it  is 
of  those  which  require  the  utmost  delicacy, 
seeing  that  the  observer  may  be  deceived  by 
slightest  breath  acting  on  the  light  cor- 
:les,  I  shall  hei'c  frankly  avow,  tliatl  repeated 
s  experiment  several  times,  changing  the  ap- 
Oratus,  and  employing  hits  of  gold-leaf  and  other 
wy  light  substances,  without  being  enabled  to 
certain  that  any  electric  movements  ensued. 
That  conclusion  is  to  be  drawn  from  hence  ? 
;  it  to  be  said,  that  the  fluid  which  produces  the 
(uscular  contraiftions,  is  neither  metallic  eiec- 
flcity,  nor  animal  elcdlricity,  but  another  essen- 
iplly  different  fluid,  of  the  nature  of  which  we 
re  ignorant  ?  I  shall  not  undertake  to  hazard 
>ch  a  proposition ;  and  as  I  am  not  provided 
,  c  2  with 
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with  the  experimentum  crucis  of  Bacon  to  re- 
move my  doubts,  I  cannot,  consequently,  come 
to  any  immediate  decision  on  this  subjedt. 

*^  Nevertheless,  were  I  to  be  called  on  to  give 
an  opinion,  I  should  state  my  persuasion,  tliat 
the  muscular  contradlions  are  produced  by  the 
movement  of  animal  ele6lricity,  diredled  by  the 
conducting  bodies  of  natural  eledtricity  :  since, 
without  bringing  forward,    in   support   of  this 
opinion,   the    innumerable   fa<5s  published    by 
Doctors  Gakdinti,  Bertholon,  Cotu^no,  Gal- 
VANi,  Aldini,  Valli,  EanDi,  GirLio,  Rosci, 
VoLTA,  &c.  I  shall  simply  observe  that>  in  na- 
ture, each  body,  in  changing  its  chemical  stater 
changes  also  the  capacity  by  which  it  is  eiiable^ 
to  contain  the  eledlric  fluid.     That  it  likewise 
frequently  changes  its  property,  so  far  at  least- 
as  eledlricity  is  concerned,  is  a  fa6l  which  is  par — - 
ticularly  noticeable  in  the  metallic  oxydes.    Now^ 
as  there  can  be  no  doubt  but  that  tlie  air  in  re--' 
spiration,  and  the  aliments  in  digestioil,  chang^^ 
their  chemical  state,  they  must  necessarily  chang^^ 
likewise    -their    capacity   for   the   eledlric   fluid-ii-- 
Read  has  demonstrated,  that  air,  in  respiring^-^ 
loses  its   natural   eledlricity  ;   and   it  has   been^^ 
proved   by  me,  that  urine  gives  out  a  negatives 
^ledricity.     I  have  repeatedly. shewn  to  Doftor^ 
G^KRF,  and  Garetti,  as  well  as  to  the  students- 
in  medicine  and  surger}^,  that  blood,  drawn  from 
*     <  the 
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■Ihe  veins,  subjedled  to  my  elef^ro -metrical  appa- 
•ratus,    furnishes  a  positive  eledlricity.     Conse- 
■^uently,  the  natural  elei^rictty  of  the  air,  and  of 
the   aliments,    abounds  in  certain  parts  of  the 
body,  at  the  same  time  that  in  the  same  body 
there  are    other   parts  which  do  not  contain  a 
tjuantity   proportioned    to   their  capacity.     Tiie 
[    *le*Sric  shocks  given  by  the  torpedo,  the  gymno- 
tus  elcitricus,  eels,  cats,  rats,  &c.  confirm  my 
assertion.     The  precise  anatomy  of  animals,  will 
explain   to  ns  the  reason  of  this  phenomenon, 
in  the  same  way  as  the  anatomy  of  the  torpedo, 
communicated  to  me  by  Spa.llanzani,  explains 
the  mode  in  which  that  animal  gives  the  shocks. 
"  If  to  this  combination  of  fai5is  it  be  added, 
that  the  nerves  of  the  torpedo  press  out  and  ex- 
tra(9:  the  clei5lricity  contained  in  the  muscles,  as 
has  been  experimentally  proved,  the  theory  of 
'*Galvani  becomes  in  a  very  great  degree  pro- 
bable ;  seeing  that  it  may  with  every  propriety 
be  observed,  that  if  an  clcftricat  movement  can- 
'not  be  noticed,   in  bringing  the  conductor  near 
!o  the  muscle,  or  rather  to  the  nerve,  it  is  be- 
■'cause  a  slight  compression  is  necessary  to  f'acili- 
^te  the  passage  of  the  animal  eleftric  fluid,  as  is 
tobserved  in  the  torpedo,  which  does  not  give  any 
ihock,  unless  its  muscles  he  slightly  compressed." 
By  this  letter  of  Vassalli-Eandi,   it  would 
fappcar  to  be  his  persuasion,  that  there  are  in  the 
G  3  human 
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human  body,  parts  which  are  ele<5lrified  positively, 
and  other  parts  which  are  eledlrified  negatively. 
The  folio witig  communication  on  animal  elec- 
tricity^ addressed  by  him  to  Professor  Buvina,  oF 
Turin,  tends  to  confirm  this  opinion. 
'     "  The  electrical  phenomenon  which  you  ob- 
served in  my  electrometer,  placed  on  the  back  of 
a  diseased  animal  at  the  moment  of  its  being  at- 
tacked by  a  fit  of  shivering,  appears  to  me  to  be 
t  necessary  consequence  of  the  general  th^jry  of 
ele6lricity,  and  of  the  modifications  it  experiences 
in  the  animal  economy.     The  following  is   the 
Tliode  in  which  it  appears  to  me  :  I  have  proved, 
in  my  letter  on  the  origin  of  animal  eledlricity, 
that  man,  in  a  healthy  state,  in  common  with  ali 
other  animals,  has  parts  positively  eledlric^  whil^^ 
other  parts  are  negatively  so. 

^*  It  would  appear  that,  in  the  animal,  the  ne-^ 
gati^e   part,    that  of  the  excretions,  is  not  sC^ 
strong  as  the  positive  part,   that  of  the  blood  -*- 
But  if  the  natural  boundaries  of  eledlricity  in  th^^ 
body   be   destroyed  by  a  change  in  the  animaiM^ 
economy,   on   account  of  the  tendency  of  th^^ 
former  to  bring  itself  into  equilibrium,  it  ought::^ 
to  escape  and  to  manifest  itself  at  the  precises 
moment  of  the  destrudion  of  its  boundaries  ;; 
that  is,  when  the  virus  changes  the  internal  parts^ 
as  is  denoted  by  the  febrile  paroxysm.     Fear,  and 
other  violent  passions,  in  producing  changes  in. 

th# 
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the  animal  economy,  ought  likewise  to  be  at- 
tended by  the  same  efFed.  You  have  thus  seen 
the  strings  of  my  eleftrometer,  placed  on  the 
back  of  an  animal,  separate .  from  each  other, 
either  daring  the  fits  of  shivering  occasioned  by 
a  contagious  disease,  or  during  those  produced 
by  fear;  and  you  must  have  noticed,  that  the 
same  theory  likewise  explains  the  defeft  of  elec- 
tricity which  you  observed  in  diseased  cats.  I 
am  persuaded,  that  this  defedliveness  will  in  no 
case  exist  until  the  disease  has  continued  for  se- 
veral days,  and  until  a  complete  derangement  of 
the  animal  economy  has  taken  place.  When  I 
had  concluded  my  eleftrical. experiments  on  wa- 
ter and  ice,  I  repeated  them  on  several  liquids, 
animals,  and  vegetables,  as  well  as  on  different 
preparations  of  water  ;  and  shall  here  notice,  as 
a  particular  result,  that  urine  and  animal  hu- 
mours exhibited  the  greatest  degree  of  eleftric 
difference.  You  will  thus  perceive  that  my 
opinion  is  supported  by  fads.  As  I  have  found, 
however,  that  the  blood  of  those  labouring  under 
intermittent  fever  is  still  positively  ele6):ric,  it  might 
be  useful  to  ascertain  in  what  diseases,  and  in  what 
particular  stage  of  these  diseases,  it  loses  its 
eleftricity.  It  appears  to  me  that  the  eledlro- 
meter  may  be  employed  to  distinguish  violent 
diseases,  and  be  converted,  if  I  may  be  allowed 
the  expression,   into  a  vitalitometer,    A  great 

G  4  diversity 
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diversity  of  experiments  are,  however,  still  needed, 
to  attain  a  similar  point  of  perfection  in  the  sci- 
ence of  eledricity.  The  discovery  of  the  elec- 
tricity of  the  torpedo  appears  to  me  to  be  truly 
astonishing.  That  of  Cotugno,  who  received 
an  electric  shock  from  a  mouse,  in  the  dissedlion 
of  which  he  was  employed  ;  and  that  of  Tonso, 
who  in  the  same  way  received  a  shock  from  a 
cat,  added  to  my  eleftrical  experiments  on  rats, 
appear  to  be  conclusive.  The  immensity  of  Na- 
ture still  presents,  however,  materials,  for  new 
researches;  and  at  the  present  moment  even> 
now  that  I  have  made  the  discovery  of  the  con^ 
trary  eleftricities  of  the  blood  and  excretions^ 
I  can  perceive  that  much  still  remains  to  be  done, 
to  be  enabled  to  form  a  due  appreciation  of  the^ 
opinions  of  Galdini,  Bertholon,  Tressan,  and 
Carx^ieu,  on  animal  eledricity.  You  have  pur- 
sued the  best  route,  that  of  interrogating  Nature 
by  experiments.  Persevere  in  doing  this,  and 
you  will  enjoy  the  satisfadion  of  having  enlarged 
the  boundaries  of  science." 

It  having  been  objeded  to  M.  Vassalli- 
Eandi,  that  animals,  although  dead,  were  still 
sensible  to  galvanic  experiments,  he  demonstrated 
that  animals,  killed  by  phosphorus  taken  inter -^ 
nally,  or  in  the  vacuum  of  a  pneumatic  machine, 
cease  to  be  aded  on  by  galvanism.  He  was  thus 
confirmed  in  his  conclusion,  that  when  the  ani^ 

mal 


PBBMIUMS  FOR  GALVANIC  RESEARCHBS;      BQ 

mal  organization  is  deranged  to  a  certain  point, 
the  diseased  subjedt  loses  its  portion  of  natural 
dedricity. 

Having  thus  far  detailed  the  different  opinions 
for  and  against  the  theory  of  Gal vani,  as  well  a3 
the  experiments  of  which  these  opinions  are 
founded,  it  may  not  be  amiss  to  close  the  pre- 
sent chapter  by  an  account  of  the  encourage- 
ments which  were  held  out  to  scientific  men, 
shortly  after  the  discovery  of  galvanism,  for  their 
researches  on  this  very  curious  snd  important 
subjedl. 

The  phenomena  of  galvanism  were  scarcely 
known  and  circulated  in  the  learned  world,  when 
several  literary  societies  proposed  premiums  for 
the  encouragement  of  the  physiologists  who 
should  cultivate  successfully  this  new  acquisition 
made  to  the  Sciences.  In  1793,  the  Society  of 
Sciences  Junoblowiskiana  proposed,  as  the  sub- 
je6l  of  a  premium  in  philosophy,  to  be  bestowed 
in  1795,  the  experiments  of  Galvani,  Valli, 
VoLTA,  and  others.  The  competitprs  were  re- 
quested to  point  out  th^  new  fa6ls  to  which  these 
experiments  had  led  ;  to  shew  how  they  could  be 
classed  in  a  useful  way  ;  and  how  tliey  could  be 
explained  in  conformity  to  the  existing  state  of 
philosophical  knowledge. 

About  the  same  time,  the  Medical  Society  of 
Edinburgh  made  this  physiological  question  the 

subject 
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subjeft  of  a  premium  which  that  society  distri- 
butes annually  ;  and  gave  the  award  in  favour  of 
Professor  Creve,  of  Mentz,  who^  as  will  heie- 
after  be  seen,  substitutes  in  his  memoir  what  may 
be  considered  as  a  glaring  impropriety,  the  term 
metallic  irritation,  irritamentum  Tnetallorum^  to 
that  of  animal  ele<9:ricity  employed  by  Galvani. 

In  the  course  of  the  above  year,  the  Philo- 
matic  Society  of  Paris,  received  from  an  indivi- 
dual, who  thought  proper  to  conceal  his  name, 
a  medal  of  the  value  of  a  hundred  livres,  about 
four  pounds  sterling,  to  be  bestowed  on  him  who 
should,  on  or  before  the  first  of  January  1794, 
explain  in  the  most  satisfadlory  manner  the  fol- 
lowing propositions : 

1st,  "  To  demonstrate,  in  a  precise  way,  the 
analogy,  or  the  differences,  between  eledlricity 
and  the  animal  fluid,  the  existence  of  which, 
has  been  ascertained  by  Professor  Galvani  and 
Dr.  Valli. 

2dly,  "  To  determine  the  functions  which 
this  fluid  performs  in  the  animal  economy ;  how 
far  its  different  states  may  influence  the  health  of 
an  individual ;  and  what  are  the  means  of  re-r 
storitig  to  it  the  equilibrium,  the  proportion,  and 
the  movement  which  it  ought  to  preserve. 

It  would  appear,  either  that  the  competition 
for  this  premium  did  not  ensue,  or  that  the  so- 
ciety was  not  satisfied  with  the  'replies  of  the 

compe- 


PREMIUMS   FOR  GALVANIC  RESEARCHES.       QV 

competitors,  since  there  is  no  question  in  the 
documents  it   has  since  published,  of  the  pre- 
mium having  been  awarded  to  any  one.    It  must 
at  the  same  time  be  agreed,  that  it  was  of  too 
inconsiderable  a  value,  so  as  to  be  not  even  equi- 
valent to  the  expences  and  researches  which  were 
to  be  made,  to  enable  the  inquirer  to  discuss  .the 
£ubje6l  proposed,  and  to  make  the  necessary  ex- 
periments.    That   it   is   not   interest  which,  in 
competitions  for  premiums  and  rewards,  influ- 
ences those  who  engage  in  th6  task,  is  what  I 
can  readily  conceive.     But,  on  the  other  hand, 
it  is  essential  that  the  competitors,  in  entering 
on  tlieir  labours,  should  be  certain  to  And  at  the 
least,  in  the   recompense  they  hope  to  obtain, 
what  will  indemnify  them  for  the  expences  thejr 
are  sometimes  obliged  to  incur.    Accordingly,  it 
appears  to  be  a  duty  incumbent  on  scientific  bo- 
dies, when  they  propose  a  subje6t  which  requires 
a  considerable  expence,  not  only  to  bestow  a 
competent  reward  on   the  successful  candidate, 
but  also  to  indemnify  those  who  have  failed,  for 
ibe  expences  they  may  have  incurred. 
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CHAP.  V. 

Considerations  on  the  influence  of  metallic  and 
other  substances^  in  producing  contraBions-^ 
The  theory  of  Galvani  combated — The  diffe^ 
rent  modes  in  tvhich  the  eledlric  fluid  may  be  put 
in  motion. 


VERY  shortly  after  the  discovery  made  by 
Galvani,  Professor  Volt  a,  one  of  the  most 
enlightened  naturalists  of  the  present  time,  di- 
rected his  attention  to  animal  eledricity,  to  the 
progressive  attainments  of  which  he  has  since  so 
largely  contributed  by  his  experiments  and  inven- 
tions, more  particularly  by  his  ele6lrico-galvanic 
apparatus,  the  discovery  of  which  formed  a  new 
epoch  in  the  science  of  galvanism. 

His  earliest  communications  on  this  subje<9', 
consist  of  two  dissertations  published  in  the 
Physico-Medical  Journal  of  Brugnatelli,  which, 
as  their  substance  is  contained  in  his  letters  sub- 
sequently addressed  to  Professor  Gren,  it  is  un- 
necessary to  detail  in  this  place.  He  shortly 
after  transmitted  the  following  letter  to  the  edi- 
tors of  the  Philosophical  and  Medical  Journal  of 
liCipsick. 

*^At 
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•*  At  the  comtnencemeiit  of  the  spring  of  the 
present  year  (1793),  my  attention  was  particu- 
larly dire£led  to  ele(?lricity,  on  account  of  the 
truly  admirable  phenomena  which  the  celebrated 
Galvani,  professor  at  Bologna,  has  discovered 
and  described.  By  these  phenomena  he  seems 
to  have  demonstrated,  that  there  constantly 
exists,  in  animals  of  each  species,  an  eledlricity  of 
some  kind,  spontaneously  excited  by  the  vital 
force  inherent  in  the  organs,  and  by  the  animals 
themselves ;  or  rather,  that  the  ele6lric  fluid, 
when  the  equilibrium  is  naturally  destroyed,  ni  , 
longer  resides  in  the  nerves,  but  exists  in  some 
continued  movement,  or  in  the  effort  it  makes 
to  establish  itself  in  some  part  of  the  animal, 
according  as  it  is  more  or  less  abundant.  Hav- 
ing, in  the  first  instance,  repented  the  different 
experiments  of  Galvani,  1  afterwards  examined 
the  results ;  and  was  thus  enabled  to  make  several 
discoveries  which  had  escaped  Galvani,  and 
the  other  naturalists  wlio  had  followed  him  in 
the  tradt  he  had,  with  so  profound  an  intelli- 
gence, pointed  out. 

*'  In  examining  the  principal  questions,  it  has 
not  hitherto  been  established,  whether,  in  the 
galvanic  experiments,  the  very  powerful  contrac- 
tions excited  In  the  muscles,  and  the  movements 
of  the  limbs,  on  account  of  the  double  contact,  in 
the  first  platte  on  the  muscle,  and  afterwards  on 

the 


Q4  VOLTA  ON^  ANIMAL  ELECTRICIXr^ 

the  nerve  of  the  animal,  well  prepared,  and  c^e- 
fiilly  disse<3:ed  ; — ^it  has  not,  I  say,  been  ascer-^ 
taided,  whether  these  movements  and  contrac* 
tions,  which  no  one  can  doubt,  are  to  be  as-* 
cribed  to  the  eledlric  fluid,  conveyed  from  one 
part  to  another  by  the  means  of  a  cbnduding 
arc,  take  place  because  that  fluid  direfts  itself  by 
its  own  energy,  or,  on  the  otjier  hand,  by  the 
simple  force  of  the  organs  of  the  animal,  towards 
such  or  such  a  part.  In  the  latter  case  it  may 
be  denominated  a  true  ele6lricity  inherent  in.  the 
animal,  as  is  asserted  by  Galvani.^  Or,  again/ 
whether  this  sometimes  happens,  as  I  think  I 
have  seen  ia  several  instances,  because  the  men 
t^ls^  employed. in  the  experiments,  being  dire^ly^ 
applied  to  the  parts  of  the  animals  replete  witb 
juices,  are  enabled,  by  themselves^  and  by  their 
own  proper  virtue,  to  stir,  excite,  and  expel  the 
eledric  fluid  which  was  in  a  state  of  repose,  so 
as  that  the  organs  of  the  animal  merely  adt.  pas- 
sively- 

.  "  Some  time  ago  I  had  occasion  to  demon- 
strate, by  indubitable  experiments,  that  metallic 
substances,  and  charcoal  of  a  good  quality,  are 
not  only  the  most  perfed:  condud:ors  of  elef^ri- 
city,  but  even  become  exciters  by  the  means  of 
simple  conta6l.  It  was  already  Jcnown,  that  me-^ 
t^als  and  Q^arcQ^l  possess .  the  property  oC  trans-** 
mitting   eledricity  very  readily,   wherever  it  i» 

excited^ 
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escited,  or,  in  other  words,  when  it  endeavours 
to  re-establish  the  equilibrium  it  has  lost.  But  I 
was  afterwarda  enabled  to  make  the  discovery, 
thsit  the  equilibrium  of  the  eleftric  fluid  can  be 
destroyed,  and  a  new  ele6iricity  created  by  tho^e 
substances.  It  is  in  reality  by  themselves,  and 
by  theit^  own  virtue,  so  far  as  they  aci  by  im- 
pelling  and  forcing  the  ele6lric  fluid  to, enter  into 
the  superficies  they  touch,  or  to  flow  out  from 
thence,  that  metals  and  charcoal  excite  that 
feeble  eleflricity  which  can  in  no  way  be  disco^; 
vered  by  the  common  eleftrometers,  however 
carefully  they  may  be  made,  but  which  possesses 
at  the  same  time  a  sufficient  energy  to  convulse 
tbe  .nervous  fibres  and  the  muscles  it  encounter^, 
\yitbout  any  fridtion  or  other  mean,  provided 
these  substances  be  duly  applied  .  to  water,  or  to . 
bodies  which  have  imbibed  an.  aqueous  humour, 
such  as  the  nerves  and  muscles  of  animals,  either 
living,  or  recently  killed.^ 

*^  B(Ut  if  these  kinds  of  metallic  coatings,  con- 
sisting, of  one  and  the  Same  metal,  be  applied  to 
the  nerves  in  two  places,  and  if  they  be  made  to 
communicate  with  each  other  by  a  .proper  con- 
dudor,  what  is  the  result4hat  ought  to  be  ex- 
peded  ?.  According  to  every  probability,  a  small 
portion  of  the  electric  fluid  will  ooze  out,  and 
escape  from  one  of  the  coatings  to  the  other ;  but 
they  will,  by  their  equal  eftbrt^  bie  mutually  de-i'^ 

trimental 
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trimental  to  each  other ;  and  consequently  there 
will  not  be  any  transmissal  from  the  one  t&  the 
other,  nor  any  circulation.  It  is  thus  proved,  thdt* 
it  is  necessary  to  have  recourse  to  diflferent  me- 
tals, which,  in  proportion  as  they  aft  on  the 
body  they  touch  by  an  unequal  and  even  con- 
trary force,  transmit  from  one  part  to  the  other 
a  pretty  considerable  quantity  of  tlie  eledhic 
fluid,  provided  a  conducting  or  exciting  arc  bfe 
employed,  and  carried  to  all  the  parts  covered  by 
the  coatings. 

*^  If  these  parts,  as  well  as  the  intermediate 
ones,  are  sufficiently  deferent,  the  eleftric  fluid 
will  be  continually  in  circulation  ;  and  if,  in  thi^ 
constant  movement,  and  in  each  of  the  parts 
where  it  takes  place,  the  fluid  in  question  en- 
counters nerves,  which  serve  either  for  motion 
or  sensation,  it  will  so  excite  them,  as  that,-  ac- 
cording to  the  diversity  of  their  fund  ions,  tiiey 
will  either  produce  a  sensation,  as  happens  to 
the  point  of  the  tongue,  which  is  afFeited  by  an 
acid  or  an  alkaline  taste,  in  proportion  as  the  fluid' 
penetrates  into  or  flows  out  of  it ;  or  they  will 
excite  contraftions  of  the  muscles  and  move- 
ments of  the  limbs,  as  happens  very  frequently 
when  the  eleftric  fluid  afts  on  the  crural  or 
brachiarnerves,  or  on  any  others  which  are  set 
aside  for  voluntary  motions,  and  which  are  of  a 
considerable  extent.     This  is  the  reason  of  the 

pheno- 


VOLTA  ON  ANIMAL  ELECTRICITY.  QJ 

phenomena  which  have  been  too  confidendy 
(^sa"ibed  to  animal  electricity,  and  which  I  am  hii^ 
dined  to  attribute  to  an  eleftricity,  either  attifi^ 
cial,  or  excited  by  external  agents* 

^^  But,  in  the  different  experiments  made  by 
Galvani,  is  there  nothing  to  favour  the  exist- 
ence of  animal  ele6lricity  ?  This  I  can  neither 
Maintain  nor  deny.  I  merely  say,  that  all  ^the 
experiments,  in  which  metals  of  thie  same  de- 
45cription  are  unsuccessfully  employfed,  and  in 
•which  it  is  necessary,  to  excite  muscular  corf*, 
tradlions,  to  have  recourse  to  different  meta3s> 
are  of  no  kind  of  efficacy  in  establishing  the  in*, 
herent  eleftricity  of  ^he  organs,  the  one  which 
is  called  aSlive,  because  the  organs  in  thiscase 
appear  to  be  altogether  passive.  There  are  cerl- 
tainly  many  instances  in  which  the  muscular 
movements  cannot  be  excited,  unless  by  the  con* 
ta6l  of  metals  of  a  different  kind  ;  at  the  same 
time  that  there  are  but  few  in  which  these  move- 
ments are  produced  by  the  me^ans  of  the  same 
metal.  Now,  as  a  diversity  which  is  scarcely 
perceptible,  is  sometimes  the  cause  that  metals 
having  the  same  name,  and  of  the  same  descrip- 
tion, produce  some  effed,  it  would  appear  that 
considerable  doubts  may  be  entertained,  whether, 
when  the  metallic  coatings  are  absolutely  the 
'same,  and  produce  notwithstanding  muscular 
'moveinents  in  the  parts  of  prepared  animals,  the 

TOL.  I.  H  denu- 
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4eiiudated  nerves  of  which  are  still  endued  with 
a  very  great  share  of  excitability ;-— it  may,  I  say,^ 
be  ^doubted  whether  an  imperceptible  difference 
in  the  more  or  less  superficies  of  the  metals,  kd 
may  not  be  the  cause  why  the  eledlric  fluid  i$ 
then  excited,  and  made  to  pass  from  one  part  of 
ihe  animal  to  another. 

*^  "B^eti  when  this  anim&l  eledlricity,  admitted 
by  Gaj^vajti,  h*s  recently  flown  off,  th^re  stitt 
remains,  by  the  means  of  an  ele(Srical  stimulus^ 
zi\  incomparable  and  admirable  excitability  of  the 
fibres,  a^d  principally  of  those  belonging  to  the 
nerves.  Qn  another  hand,  the  new  principle  of 
Urtifi^ial  ele^icity,  discovered  by  me,  which  may 
tend  to  throw  a  great  light  on  this  subject,  is  stiU 
to  be  adduced*  namely,  the  force  and  virtue  of 
metals  and  charcoal,  in  exciting  and  expelling 
the  eledlric  fluid  by  the  means  of  a  simple  con- 
taft  with  all  humid  bodies,  which  become,  by 
this  quality,  so  many  conduAors.  This  I  have 
established  by  incontestible  experiments,  in 
which  the  bodies  of  animals  had  no  concerri 
whatever.'* 

It  has  been  seen  above,  that,  according  to  M. 
VoLTA,  the  whoje  of  the  magic  of  galvanisip 
consists  simply  in  an  artificial  ele6lricity,  renewed 
whenever  it  is  put  in  motion  by  the  contaft  of 
condudbrs  of  a  different  nature.  The  latter, 
which  adl  essentially,  may,  he  thinks,  be  consir 

dere^ 
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dered  as  the  primary  exciters  (moteurs).  Gal- 
VANi,  on  the  other  hand,  was  led  to  consider  the 
fluid  which  has  been  named  after  him,  as  an 
eledricity  residing  essentially  in  the  animal  or- 
gans. Agreeably  to  the  theory  of  Volt  a,  the 
eleflric  fluid  may  be  put  in  motion  in  three  dif- 
ferent ways,  by  the  means  of  at  least  three  con- 
dutSors  of  a  different  nature  brought  into  the 
arc  or  circle.  The  first  of  these  modes  consists 
of  two  metals,  or  condu6lors  of  the  first  class, 
each  of  a  distindl  nature,  which  touch  each  othear 
diredlly  by  one  of  their  extremities,  and  do  not 
communicate  by  the  other  extremity,  unless  by 
the  medium  of  one  or  several  moist  condu6tor$, 
or  conduftors  of  the  second  class.  In  the  ap- 
plication of  the  second  mode,  a  single  metallic 
conduilor  of  the  first  class  is  placed  between  two 
humid  conductors  of  a  different  nature,  which 
communicate  with  each  other.  The  third  mode 
consists  of  establishing  a  communication  between 
three  condu(9:ors  of  a  different  nature.  This 
curious  inquiry  into  the  action  of  metals,  and 
other  condudling  substances,  in  galvanic  experi- 
ments, will  be  best  explained  by  the  letters  of 
M.  VoLTA  to  Professor  Gren,  the  substance  of 
which  is  as  follows  ♦ : 

*^  If  a  tin  bason  be  filled  with  soap-suds,  lime- 
water,  or  a  strong  ley,  which  is  still  better,  and 

*  Philosophical  Magazine,  vol.  iv.  pp.  59,  l63,  and  306. 
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if  you  then  lay  hold  of  the  bason  with  both  ypiir 
hands,  having  first  moistened  them  with  pure 
water,  and  apply  the  tip  of  your  tongue  to  the 
iiuid  in  the  bason,  you  will  immediately  be  sen- 
sible of  an  acid  taste  upon  your  tongue,  which  is 
in  contact  with  the  alkaline  liquor.     This  taste  is 
.very   perceptible,  and,  for  the  moment,  pretty 
•strong  ;  but  it  is  changed  afterwards  into  .a  dif- 
ferent one,  less  acid,  but  more  saline  anH;  pungent, 
until  it  at  last  becomes  alkaline  and  sharp  in  pro- 
portion as  the  fluid  ads  more  upon  the  tongue, 
and  as  the  adtivity  of  its  peculiar  taste  and  its 
chemical   power,  more   called  forth,  produce  a 
^^eater  efFeft  in  regard  to  the  sensation  of  acidity 
.occasioned  by  the  stream  of  the  eleftric  fluid, 
•  which,   by  a  continued  circulation,  passes  from 
,the   tin   to   the  alkaline   liquor,  thence  to  the 
tongue,  then  through  the  person  to  the  water, 
and  thence  to  the  tin  again.     I  explain  the  phe- 
nomenon in  this  manner,  according  to  my  prin- 
ciples ;  and  indeed  it  cannot  be  explained  in  any 
other,  as  every  thing  tends  to  confirm  my  asser- 
.  tion,  and  to  prove  it  in  various  ways.     The  con- 
tact of  different  condudors,  particularly  the  me-, 
tallic,  including  pyrites  and  other  minerals  as  well 
as  charcoal,  which  I  call  dry  condu<5lors,  or  of 
.  the  first  class^  with  moist  condudors,  or  con- 
.  dudlors  of  the  second  class,  agitates  or  disturbs 
the  eledric  fluid,  or  giv^s  it  a  certain  impiilse. 

Do 
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Do  not  ask  in  what  manner  :  it  is  enough  that  it 
is  a  principle,  and  a  general  principle.  This  im- 
pulse, whether  produced  by  attraflion  or  any 
other  force,  is  different  or  unlike,  both  in  regard' 
to  the  different  metals  and  to  the  different  moist 
condaftors,  so  that  the  direction,  or  at  least  tlie 
power  with  which  the  eledlric  fluid  is  impelled 
or  excited,  is  different  when  the  conductor  A  ia 
applied  to  the  conduftor  B,  and  to  anotlier,  C. 
In  a  perfeft  circle  of  condiiftors^  where  either 
one  of  the  second  class  is  placed  between  two 
different  from  each  other  of  the  first  class,   or, 

'Contrariwise,  one  of  the  first  class  is  placed  be- 
tween tivo  of  the  second  class  different  from  each 

Other,  an  eledtric  stream  is  occasioned  by  the 
predominating  force  either  to  the  right  or  to  the 

Seft — a  circulation  of  this  fluid,  which  ceases  only 

%rheri  the  circle  is  broken,  and  which  is  renewed 
.'hcri  the  circle  is  again  rendered  complete.    This 

incthod  of  conned  ing  the  different  conductors 

*wiU  be  more  readily  comprehended  by  turning  to 
:he  figures,  (Plate  \.)  where  the  capita!  letters 

^^enote  the  different  conduflors  or  exciters  (mo- 
'eursj  of  the  first'class,  and  the  small  letters 

^hose  of  the  second  class.    Fif^.  l ,  and  2,  express 

^he  two  cases  above-mentioned. 

"  "  I  consider  it  as  almost  supeifluous  to  ob- 
rve,  that  when  the  circle  consists  merely  of 
kinds  of  eonduftors,  however  different  oi* 
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however  numerous  the  pieces  may  be  of  which 
each  consists  (as  Fig.  3,  4,  5  and  6),  two  equal 
powers  are  opposed  to  each  other ;  that  isy  the 
deiftrie  fluid  is  impelled  with  equal  force  in  two 
different  diredion:Sj  and  consequently  no  stream 
eah  be  formed  from  right  to  left,  or  contrariwise, 
Capable  of  exciting  convulsive  movements. 

"  There  are  other  ca(ses>  however,  and  other 
modes  of  combination^  where  the  powers  are 
equally  in  eqilibrium,  and  where  no  current  of 
the  eledric  fluid  can  take  place ;  or,  at  least, 
pone  of  such  a  force  as  to  make  an  impression:  on 
the  tenderest  nerves,  or  to  excite  any  convulsive 
movement  in  the  best  prepared  frog  that  may  be 
placed  in  the  circle,  notwithstanding  tlie  inter- 
vention of  two  or  more  different  kinds  of  metals. 
This  is  the  case  when  each  of  these  metals  i$ 
placed  between  two  moist  condudiors,  or  of  the 
second  class,  and  which  are  very  nearly  of  the 
same  kind,  as  Fig.  7  ;  or  when,  in  a  circle  of 
three  pieces,  two  of  them  of  the  same  metal,  and 
lone  of  a  different  metal,  are  so  conne6led,  that 
the  latter  is  immediately  between  the  other  two, 
HS  Fig.  8. 

^^  When  one  of  the  ends  of  the  middle  piece 
of  metal  A  is  immediately  applied  to  one  of  the 
two  pieces  Z,  but,  instead  of  immediately  touch- 
ing with  the  other  end,  the  other  piece  Z  touches 
an  intermediate  condudlor  of  the  second  class, 

either 
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cith^  great  or  small,  either  a  drop  of  water,  a 
piece  of  raw  or  boiled  Hesh,  or  ot'  sponge  not 
moist,  paste  of  meal,  jelly,  soap,  cheese,  or  tha 
white  of  an  egg  b  >iled  to  hardness,  in  this  new 
.combination,  represented  by  Ftg.  Q,  (where  a 
condiK^lor  of  the  seuoiid  class,  J»,  is  between  two 
of  the  first  class,  A  ai>d  Z)  the  powers  are  no 
longer  opposed  to  each  other ;  and  this  is  suifi-' 
cient  to  determine  an  eleftric  streaifi.  Wheft 
tlierefore,  in  Fig.  Q,  is  a  prepared  frog,  it  wiU 
always  be  violently  agitated  as  often  as  tliis  cirds 
js  made  complete. 

It  may  be  readily  perceived  that  the  two 
)bM  .  experiments  represented  by  Fig.  8  and  g, 
Vo^cide  with  those  announced  by  M,  HuM- 
OLDT,  where  a  drop  of  water,  a  small  bit  of  fresh 
[i^at,  ,or  a  very  thin  stratum  of  any  fluid,  per- 
|cHins  tlie  whole  wonder.  When  another  drop 
water,  or  any  other  aqueous  condudtor,  is  ap- 
|Uted  between  the  other  end  of  A  and  the  other 
jporresponding  piece  Z  (as  shewn  Fig.  10),  each 
riece  of  metal  is  insulated,  as  I  shall  express  it, 
^tween  two  aqueous  conductors  :  but  then  the 
tpowers  from  right  to  left,  and  from  left  to  right, 
'jare  again  completely  opposed  to  each  other; 
iponsequently  the  eledlric  stream  is  impeded,  and 
the  frog  remains  without  any  movement.  It  is, 
therefore,  absolutely  necessary  that  two  different 
iQ^tid^  w  condudors  of  the  first  class,  should  b^ 
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in  immediate  contaA  with  each  other,  on  the 
<me  side,  while  with  their  opposite  ends  they 
touch  conduftors  of  the  second  class. 

*^  We  might  consider  this  mutual  contaft  of 
two  different  metals  as  the  immediate  cause 
which  puts  the  eledlric  fluid  in  motion,  instead 
of  ascribing  that  power  to  the  conta6l  of  the 
two  metals  with  the  moist  condu6lors.  Thus, 
for  example,  in  Fig.  1,  instead  of  admitting  tifd 
different  actions,  at  least,  in  regard  to  the  mag-^ 
Bitude  of  the  power,  one  where  A  comes  in  con» 
tacft  with  ez,  and  another  where  Z  comes  in  con^ 
t^  with  a  also,  by  which  an  ele<ftric  current 
arises  in  the  diredlion -from  Z  to  A,  we  might 
suppose  only  one  ad  ion  at  the  point  where  A 
comes  in  contact  with  Z,  which  impells  the  fluid 
in  that  diredlion.  In  both  suppositions  the  re- 
sult, as  may  easily  be  seen,  is  the  same.  But 
though  I  have  reasons  for  adopting  the  first  as 
true  rather  than  the  second,  yet  the  latter  repre- 
sents the  proposition  with  more  simplicity,  and  it 
may  be  convenient  to  adhere  to  it  in  the  expla- 
nation, as  it  affords  a  readier  view  of  it.  We 
may  then  say,  that  in  the  cases  of  Fig.  3,  4,  5; 
6,  7  and  10,  no  effe<ft  will  be  produced,  because 
here  there  is  no  mutual  contad  of  different  me- 
tals :  that  the  effedl  also,  according  to  Fig.  a, 
will  be  null,  because  A,  on  two  opposite  sides', 
is  in  ooiitad  with -Z  and  Z,  and  thea(3ions  there* 

*^  fore 
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fere  are  in  equilibrium  ;  and  lastly,  that  an  elec- 
tric current  will  be  occasioned  in  Fig.  g^  by  the 
a^on  which  arises  from  the  contaA  of  A  and  Z, 
and  which  is  counteraded  by  no  other  contact  of 
the  like  kind. 

^'  Having  seen  the  result  of  employing,  three 
pieces  of  metal,  of  conduftors  of  the  first  class,  viz.- 
two  of  one  kind  and  one  of  a  different,  when  com- 
bined sometimes  in  one  way  and  sometimes  in  ah-* 
ether,  with  condudlors  of  the  second  class,  we  fthalt 
ftow  try  what  will  be  the  result,  according  to  my 
principles^  with  four  pieces  of  metal,  two  of  which 
are  of  one  kind  ;  for  example,  zinc,  when  con- 
netfted  with  moist  condudtors  of  different  kinds. ' 

^^  I  shall  first  observe,  that  when  they  are 
connedted  in  a  circle,  as  at  Fig.  Jl,  the  powers 
which  endeavour  to  put  the  electric  fluid  in  a( 
jBtreiaming  movement,  will  be  opposed  to  each 
other^  and  in  perfect:  equilibrium,  and  that  con- 
sequently no  movement  can  take  plate  in  the 
fro^,  here  supposed  to  be  the  moist  conductor  a, 
or  a. part  of  it,  however  irritable  and  well  pre- 
pared it  may  be  ;  and  if  the  experiment  be  madet 
with  accuracy  and  the  necessary  precaution,  sa 
that  the  metals,  in  particular,  be  very  clean  and 
dry  at  the  points  of  contad,  it  will  perfedly  con- 
firm what  I  have  alJove  said :  the  frog  will  expe- 
rience n,o  agitation,  no  convulsive  movement. 

^^  These  movements,  on  th^  other  h/ind,  tpol^ 
place,  as  might  be  foreseen  from  my  principles, 

as 
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as  often  as  I.  omitted  one  of  the  middle  pieees^or 
changed  the  order* 

*^  The  conduftors  o(  the  §ccond  class,  which 
in  all  the  figures  are  denoted  by  ^nall  leUtrs^ 
may  be  cups  with  water,  in  which  the?  ends  of 
the  pieces  of  metal  denoted  by  tlie  large  tetters 
are  immersed ;  Cft  sipong^B  ov  other  bodies  which 
have  imbibed  aqueous  moisture.  They  may  be 
either  large  or  small ;  and  may  consist  of  one  or 
more  pieces^  provided  tjhey  be  in  proper  Gon« 
iaO: :  they  may  also  be  persoi}s>  if  their  skiii  be 
ipioistened  at  the  places  of  conta6t>  &c.  By  the 
last  method  the  experiments  will  be  Very  beauti-* 
ful  and  incessant^  when  the  circle  consbts  of 
three  or  more  persons  (I  have  formed  it  fre- 
i|uently  of  ten,  and  even  more),  of  two  or  mqre 
frogs  properly  prepared,  and  of  four  pieces  of 
mejtal,  two  of  silver  and  two  of  iron,  tin,  and  par- 
ticularly zinc.  The  change  of  eftedt,  wh^n  ydu 
change  the  connexion,  is  striking. 

"  Let  the  position  be  as  represented  in  .Fig*.  12> 
where  g  is  the  prepared  frog,  which  the  two  per- 
sons pj  py  hold  in  their  hands,  one  on  the  one 
^ide  by  the  feet,  and  the  other  on  the  opposite  by 
the  rump.  Z,  Z,  are  two  plates  of  zinc,  which 
are  held  also  by  these  persons,  and  A,  A,  two 
pieces  of  silver,  which  are  held  by  a  third  person, 
denoted  also  by  p.  It  must  not  be  forgotten 
that  the  hands  should  be  very  moist^  as  the  dry 

skin 
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skin  is  not  a  conductor  sufHcienfely  strong;  As 
in  this  chain  the  adtions  of  the  eledlric  exciters 
are  opposed  to  each  other,  and  in  exa6l  equili- 
briutn,  as  may  be  readily  perceived,  no  convul- 
sion  or  agitation  in  the  frog  will  take  place. 

*^  Now,  let  one  of  the  metallic  pieces  A,  Z, 
which  stand  between  the  two  persons  jb,/),  or 
between  any  6ther  moist  conduiSlors,  be  left  in 
combination  as  it  is ;  and  let  the  position  of  the 
two  other  metallic  pieces  A,  Z,  be  reversed,  by 
convertting  Fig.  12  into  Fi§.  13  (so  that  the  ac- 
tions, instead  of  being  contrary,  will.a^  together 
to  impel  the  eledlric  fluid  to  one  side  or  to  pro- 
duce the  same  current) ;  or*  introduce  between 
A  ami  Z  another  person,  or  any  other  conduc- 
tor of  the  second  class,  so  that  the  chain  be 
formed  as  in  Fig.  14 ;  or  takeaway  one  of  the 
pieces  A,Z,  in  Fig.  12,  and  make  the  chain  like 
those  of  Fig.  1 5  and  17;  or,  iii  the  last  place, 
remove  the  whole  two  pieces  A,  Z,  either  in  the 
one  or  the  other  side,  as  represented  Fig.  17  (by 
which  means  it  will  correspond  with  JPVg-,  J ,  as 
the  whole  chain  jf>,  g^p^p^  may  be  considered  as  a 
single  moist  conduiSlor  of  the  second  class)  ;  m 
all  these  combinations,  which  are  represented  by 
Fig.  13,  14,  15,  l6,  and  17,  the  adtions  arising 
from  the  metallic  contacts  are  no  longer  contrary 
to  each  other,  or  in  equilibrium,  as  they  were  in 
Fig.  1 2  }  consequently  an  ele<ftric  stream  is  pro- 
duced. 
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duced,  and  the  frog  g,  which  I  suppose  to  be 
properly  prepared,  and  which  forms  a  part  of  the 
chain,  will  be  violently  agitated  as  often  as  thfe 
circle,  when  broken  at  any  one  place,  particu- 
larly between  metal  and  metal,  is  again  restored, 
"  In  regard  to  the  experiment  where  a  moist 
conduSor,  or  one  of  the  second  class,  is  to  be 
introduced  between  the  two  pieces  A, Z  (Fig,  l4J, 
that  is,  between  two  different  metals,  a  drop  of 
water,  or  a  small  bit  of  moistened  sponge,  or  a 
thin  stratum  of  any  fluid,  soap,  or  any  other  vis- 
cous matter,  will  be  quite  sufficient,  as  I  have 
already  observed  regpe6ling  Fig.  Q.    This  sur^ 
prizing  experiment  I  generally  make  in  such  a 
manner,   that,  instead  of  the  piece  of  metal,  /I 
employ  a  cup  or  spoon  filled  with  water,  and  then 
cause  the  person  who  holds  the  perfedlly  dry  and 
pure  stick  of  tin,  to  touch  with  that  stick  some- 
times the  perfedlly  dry  sides  of  the  spoon  or  cup, 
and  sometimes  the   water  contained  in   them. 
It  is  wonderful  to  see,  that  as  by  the  latter  me- 
thod  the  violent  agitation   of  the  frog  never 
ceases,  the  first  method,  which  corresponds  with 
Fig.  12,  does  not  produce  the  least  irritation  ;^ 
unless  by  accident  there  be  a  small  drop  of  wa?* 
ter,  or  a  thin  stratum  of  moisture,  at  the  place  of 
conta6l,   by  which  the  case  represented  Fig.  14 
would  be  restored.   This  may  serve  to  shew  with 
what  care  and  attention  the  experiment  must  he 

made. 
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made,  in  order  to  guard  against  error  or  decep- 
tion, which  might  so  easily  arise,  and  every 
where  exhibit  anomaHes. 

'  *^  When  I  introduce  water  or  any  other  moist 
body,  great  or  small,  not  merely  between  one 
pair  of  metallic  pieces,  A,Z,  as  Fig.  14,  but  be- 
tween two  pairs,  as  represented  Fig.  18,  each 
piece  of  metal  is  between  like  moist  coiidudtors^ 
and  by  these  means  all  the  a6lions  are  again  ren- 
dered contrary,  or  brought  into  equilibrium  ;  or, 
according  to  the  other  mode  of  viewing  the  mat- 
ter, there  is  no  longer  any  a6lion,  for  want  of 
the  mutual  contadl  of  two  different  metals,  which, 
as  we  have  seen,  is  certainly  necessary  to  excite 
an  eledlric  current ;  and  it  is  always  found  that 
the  frog  experiences  no  agitation. 

^^  I  shall  not  enlarge  farther  on  these  combi- 
nations, which  may  be  varied  ad  infinitum  with  a 
^eater  number  of  metallic  pieces,  and  by  which 
one  may  be  enabled  to  foretell  the  phenomena 
which,  according  to  my  principles,  will  always  be 
found  to  take  place.  It  will  be  sufficient,  for  the 
•present,  to  draw  this  conclusion,  that  in  a  circle 
consisting  merely  of  two  condu6lors,  however 
different  they  may  be,  their  mutual  contact  can 
•produce  no  eledlric  stream  sufficient  to  excite 
•sensibility,  or  muscular  movement ;  and  that,  on 
the  contrary,  this  effect  infalliby  follows  as  often 
as  the  chain  is  formed  of  three  conductors,  on^ 
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of  one  class,  and  two  different  from  each  other 
of  another  class,  which  come  into  mutual  oon- 
tad  with  each  other,  and  that  this  effed  will  be 
stronger,  the  greater  the  difference  is  between  the 
latter ;  that  in  other  cases,  where  there  are  more 
than  three  different  conduAors,  the  effect  either 
IS  not  produced,  or  will  be  produced  in  different 
degrees,  according  as  the  forces  called  forth  by 
the  different  combinations,  which  wUl  be  ex-^ 
panded  at  each  heterogeneous  conta6l,  and  whidi 
are  often  in  opposition,  and  endeavour  to  impel 
the  eledric  fluid  in  opposite  diredlions,  are  per- 
fedly  in  equilibrium  with  each  other  (which 
must  be  a  very  rare  case),  or  when  the  sum  of 
those  which  exert  themselves  in  one  direc^on  is 
more  or  less  exceeded  by  the  sum  of  those  whicb 
a6l  in  another  direction. 

"I  shall  here,  however,  leave  the  two  com- 
plex combinations,  and  return  to  the  simple  cases, 
|those  with  three  different  condu6lors,  represented 
by  Fig.  1,  which  are  more  demonstrative  ;  or,  in 
other  words,  those  with  two  different  metals  or 
cojiduftors  of  the  first  class,  which  are  in  con- 
ta6l  with  each  other,  and  are  applied  on  the 
other  side  to  moist  conductors,  or  conductors  of 
the  second  class.  This  method  has  been  com- 
monly employed  since  Galvani's  discovery,  and  is 
in  exa£l  proportion  with  the  diversity  of  metals,  on 
which  I  consider  the  whole  phenomena  to  depend* 

"  The 
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^*  The  other  method  of  combination^  which  is 
expre^ed  by  Fig.  2,  or  that  of.  a  metal  placed 
l^etween  two  different  moist  condudlors,  for  ex-* 
ample,  between  water  on  the  one  side,  and  an 
aqueous,  saponaceous,  or  saline  fluid  on  the  other, 
I  discovered  in  the  autumn  of  1794  ;  'and  though 
since  that  period  I  have  repeated  the  much  varied 
experiments  of  different  persons,  both  foreigners 
and  others,  among  which  was  that  of  M.  Hum- 
boldt, and  though  I  wrote  to  several  correspond** 
ents  respeAing  it,  that  light  has  not  yet  been 
thrown  on  this  new  phenomenon  which  it  seems 
to.deserve. 

*^  The  singular  circumstai^ce  before  mentioned, 
in* regard  to  the  acid  taste  when  the  tongue  is 
brought  into  conta6l  with  an  alkaline  liquid,  be- 
longs, as  you  may  perceive,  to  this  second  method 
of  exciting  the  eledtric  fluid,  and  putting  it  in  cir- 
culation (if  the  tin  vessel  be  touched  on  the  out- 
side by  the  hand  moistened  with  water,  and  on 
the  inside  by  the  alkaline  liquor),  and  shews  that 
this  current  is  no  less  strong  and  a6live  than  that 
excited  by  the  first  method,  viz.  by  employing 
two  sufficiently  well -chosen  metals,  such  as  lead 
and  copper,  iron  and  silver,  zinc  and  tin.  I  must 
here  observe,  that  though  with  tin  alone,  placed 
between  water  and  an  alkaline  liquor,  you  obtain 
tiearly  the  efFe6l  which  is  produced  by  two  of  the 
most  different  metals^  as  silver  and  zinc^  com- 
bined 
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bii>ed  with  any  condu6lor  whatever  of  the  setohd 
tUss;  you  can  obtain  the  same,  and  even  m  a 
Higher  degree,  with  iron  alone  or  silver  alone^ 
when  the  iron  19  introduced  between  water  on 
the  one  side  and  nitrous  acid  on  the  other,  or 
when  the  silver  is  applied  between  water »  and  a 
solution  of  sulphure  of  pot-ash. 

"  If  you  take  a  frog,  the  head  of  which  has 
been  cut  off,  and  which  has  been  deprived  of  aU 
life  by  thrusting  a  needle  into  the  spinal  marrow, 
and  immerse  it,  without  skinning  it,  taking  out 
the  bowels,  or  any  other  preparation,  into  tw© 
glasses  of  water,  the  rump  into  one,  and  the  leg 
into  the  other  as  usual,  it  will  be  strongly  agi- 
tated and  -violently  convulsed  when  you  connect 
.the  water  in  both  glasses  by  a  bow  formed  of  two 
very  different  metals,  such  as  silver  and  tin  or 
.lead,  or,  what  is  better,  silver  and  zinc  ;  but  thi^ 
,wlll  by  no  means  be  the  case  when  the  two  me^ 
tals  are  less  different  in  regard  to  their  powers, 
such  as  gold  and  siher,  silver  and  copper,  copper 
and  iron,  tin  and  lea^.     But  what  is  more,  the 
,efFe6l  will  be  fully  produced  on  this  so  little  pre- 
pared frog  when  you  immerse  in  one  of  the  two 
glasses  the  end  of  a  bow  merely  of  tin  or  zinc, 
and  into  the  other  glass  the  other  end  of  this 
bow,  which  has  been  rubbed  over  with  a  little 
.alkali.     You  may  perform  the  experiment  stilji 
better  with  an  iron  bow,  one  end  of  which  h,as 

beea 
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teen  covered  with  a  drop  or  thin  coating  of  ni- 
trous acid;  and  beyond  all  expectation,  when  yoa 
take  a  silver  bow  having  a  little  sulphure  of  pot- 
ash adhering  to  the  end  of  it. 

"  Fig.  ig  represents  the  form  of  this  experi- 
ment, where  g  is  the  frog,  a,  a,  the  two  glasses 
with  water,  A  the  bow  formed  of  one  single  ine* 
tal,  and  m  the  drop  or  a  thin  stratum  of  a  mucous, 
saline,  &c.  fluid,  with  which  the  bow  has  been 
rubbed  over,  and  which  on  this  side  is  betweea 
the  metal  and  the  water. 

"  The  very  considerable  difference  in  regard 
to  the  quantity  of  efteCl  in  the  before-mentioned 
experiments  already  shews,  that  if  the  eleiSric 
stream  excited  by  contai51:  is  strongest  towards  a 
certain  metal,  when  that  metal  is  placed  between 
certain  fluid  on  the  one  side,  and  another  fluid 
on  the  other,  there  are  other  fluids  which  pro- 
iluce  a  greater  efFe6l  with  another  kind  of  metal ; 
80  that  it  will  be  necessary  to  discover  by  expe- 
riment the  particular  arrangement  of  conduiflora 
suited  to  each  metal,  in  whith  the  fluids  or  con- 
dui5tors  of  the  second  class  must  be  disposed  ac- 
cording to  their  adivity.  I  have  paid  great  at- 
tention to  this  circumstance,  and  have  formed 
leveral  tables,  which  I  shall  publish  as  soon  as  I 
lave  brought  them  to  perfeftion. 

"  I  shall  here,  however,  only  observe,  that  in 
>rder  to  class,  In  some  manner,  the  innumerable 
lifFerent  moist  conductors  of  this  kind,  I  distin- 
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guish  them  into  aqueouis,  spiritous,  macous^  and 
gelatinous,  saccfiarine,  saponaceous^  saline^  acid, 
alkaline,  and  sulphurous  (livers  of  sulphur)  li- 
quids ;  that  I  make  subdivisions  in  the  acids, 
down  to  the  best  known  simple  mineral  acidS; 
(as  I  find  in  this  respe£l  great  difference  between 
the  nitrous  and  the  muriatic  acids,)  comprehend- 
ing the  principal  vegetable  acids  and  the  acid  of 
galls ;  and  do  the  same  in  regard  to  the  saline 
fluids,  according*  as  they  are  solutions  of  neutral 
/;alts,  earthy  salts,  and  particularly  metallic 
salts. 

*^  When  it  can  be  determined  in  what  ordor 
ftll  these  kinds  of  fluids  follow  each  other,  in  re- 
gard to  the  power  in  question,  for  the  metal  A, 
atid  another  for  the  metal  B,  &c.,  we  shall  then 
be  in  a  condition  to  determine  what  place  must 
be  assigned  to  a  great  number  of  other  hetero- 
geneous fluids,  whether  mineral,  vegetable,  or 
animal,  which  belong  to  several  of  the  above 
classes.  In  general,  the  order  for  the  greater 
part  of  the  metals  hitherto  observed  is  as  follows  : 
ist,  pure  water;  2d,  water  mixed  with  clay  or 
chalk  (which  shews  a  pretty  different  efFedt 
when  the  before-mentioned  experiment  is  made 
with  two  glasses,  a  bow  of  tin  or  zinc,  and  a 
properly  prepared  frog,  which  has  a  sufficient 
degree  of  vitality)  ;  3d,  a  solution  of  sugar ; 
4th,  alkohol ;  5th,  milk ;  6th,  mucilaginous 
d&utda ;  :7  th,  animal  gelatinous  fluidaj  8th|  wine  ; 
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Qthy  vinegar,  and  other  vegetable  juices  and  acid^; 
10th,  saliva;  11th,  mucus  of  the  nose;  12th, 
blood;  13th,  brains;  14th,  solution  of  salt; 
15th,  soap-suds;  1 6th,  chalk-water ;  17th,  con- 
centrated mineral  acids ;  1 8th,  strong  alkaline 
leys;  19th,  alkaline  fluids;  20th,  livers  of  sul- 
phur. With  some  metals  there  is,  however,  a 
considerable  deviation  from  this  order,  in  regard 
to  livers  of  sulphur,  alkaline  fluids,  and  the  ni- 
trous and  saline  acids. 

'^  As  to  the  metals,  \yhich  in  their  position 
between  these  different  fluids  are  more  or  less 
proper  for  the  electric  efFedl  in  question,  I  have 
found  in  general,  that  tin  exceeds  all  others,  and 
that  silver  is  the  worst ;  except  when  one  of  the 
fluids  betwixt  which  the  silver  is  placed  is  wa- 
ter, or  any  other  aqueous  condu6lor,  and  the* 
other  liver  of  sulphur :  in  this  case  silver  far  ex- 
ceeds zinc,  and  even  tin.  Iron  also  produces  a 
much  greater  efFedl  than  any  other  metal,  when 
it  is  in  contadt,  on  the  one  side,  with  mere  water 
or  an  aqueous  conduftor,  and  on  the  other  with 
the  nitrous  acid,  were  it  even  only  a  drop.  The 
excitement  occasioned  in  both  cases  is  wonder- 
ful ;  since  it  exceeds,  as  I  have  already  remarked, 
that  produced,  according  to  the  usual  method, 
by  means  of  a  double  metallic  bow,  even  of  dif- 
ferent metals,  as  zinc  and  silver,  applied  to  con- 
du6lors  of  the  second  class  of  the  same  kind. 

1 2  It 
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It  is  sufficiently  strong  and  powerful  to  produce 
convulsive  movement  in  a  half-prepared  frog^ 
the  bowels  of  which  have  not  been  taken  out, 
when  one  of  the  two  moist  condu6lors  is  a  con- 
centrated alkaline  solution,  and  the  metal  placed 
between  them  is  zinc,  or  rather  tin«  With 
other  metals  and  other  fluids  you  can  seldom 
produce  convulsions  in  a  frog,  if  it  be  not  per* 
ie&\y  prepared,  or  at  least  embowelled. 

"  The  reader  will  readily  perceive,  that  when 
a  bow  of  one  and  the  same  metal  touches  with 
both  its  ends  the  same  kind  of  saline  water,  the 
same  acid,  the  same  alkaline  fluid,  &c,  an  elec- 
tric stream  will  not  take  place,  as  happens  also 
when  it  touches  on  each  side  merely  water :  in 
that  case  two  opposite  adlions  are  opposed  to 
each  other,  and  keep  each  other  in  equilibrium. 
Hiat  these  contrary  powers,  however,  may  be  in 
perfeft  equilibrium,  it  is  necessary  that  the  fluids 
applied  to  both  ends  of  the  homogeneous  metal- 
line bow  be  exadly  of  the  same  kind  and  of  the 
same  strength.     For  this  reason  the  most  care- 
ful attention  and  a  certain  dexterity  are  required, 
in  order  to  ensure  success  to  the  experiment, 
which  I  have  often  performed  to  the  great  asto* 
nishment  of  the  spedators,  and  which  any  one 
may  repeat  as  was  done  by  my  friend  Humboldt. 
That  philosopher  has  already  published  some  of 
the  mo6t  striking  and  decisive  of  these  experi* 

ments 
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meftts  in  his  second  letter ;  and  I  shall  here  give 
a  more  particular  account  of  them. 

*^  Having  placed  a  completely  or  only  half-pre- 
pared frog  as  usual  ii\  two  glasses  of  water,  take  a 
very  clean  bow  of  silver  (it  will  behest  when  it  has 
been  washed  with  water  from  the  glasses),  and 
immerse  both  ends  of  it  at  once,  or  the  one  after 
the  other,  in  the  glasses,  no  agitation  of  the 
frog  will  be  occasioned.  Repeat  the  experiment, 
after  you  have  daubed  over  one  end  of  the  bow 
with  the  white  qf  an  egg,  liquid  glue,  saliva,  mu- 
cus, blood,  a  solution  of  tartar,  or  any  other 
fluid  or  conduding  substance  sufficiently  diffe- 
rent from  pure  water.  First,  immerse  the  pure 
end,  or  that  moistened  merely  with  water,  in  the 
water  of  one  of  the  glasses  ;  and  afterwards  the 
other  end,  daubed  over  with  the  above  sub- 
stances, in  the  water  of  the  other  glass ;  you  will 
then  infallibly  produce  a  convulsive  movement 
in  the  frog,  and  several  times  in  succession,  if  you 
draw  out  the  bow  and  again  immerse  it  until 
nothing  more  of  the  above  substances  is  left  ad- 
hering to  the  metal,  or  until  the  metal,  with  its 
ends  in  both  the  glasses,  touches  only  pure,  or 
nearly  pure,  water.  Daub  both  the  above  sub- 
stances uniformly  over  both  ends  of  the  bow,  and 
immerse  them  at  the  same  time  in  both  the 
glasses  of  water,  and  no  convulsions  will  arise. 
They  will  often  be  produced  in  newly  prepared 
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and  highly  irritable  frogs,  when  the  saline  fluid, 
or,  in  general,  the  substance  with  which  the  two 
ends  of  the  bow  are  daubed  over,  is  not  perfedly 
the  same,  or  when  the  substance  at  the  one 
end  is  more  diluted  than  at  the  other,  &c. 
Wash  and  clean  carefully  the  one  end  of  the 
bow,  daub  over  the  other  more  or  less,  and  con- 
vulsions will  be  again  produced  as  soon  as  the 
circle  is  made  complete  by  the  double  immer- 
sion of  the  bow.  Clean  both  ends  completely, 
and  no  agitation  will  arise,  as  in  the  first  experi- 
ment. 

^^  For  comparative  experiments  of  this  kind,  T 
would  recommend  viscous  fluids  or  substances 
rather  than  saline,  because  the  latter  are  too  sooiu- 
dissolved  in  the  water.  It  oft-times  happens  that 
the  convulsions  of  the  frog,  when  it  is  com- 
pletely prepared  and  highly  irritable,  take  place, 
though  both  ends  of  the  metallic  bow  are  daubed 
over  with  the  same  kind  of  saline  fluid.  The 
cause  of  this  is,  that  when  one  end  is  immersed 
in  the  water  after  the  other  (and  it  may  be  easily 
seen  that  it  is  impossible  to  do  so  in  a  moment 
with  sufficient  accuracy),  the  one  end  of  the 
bow  loses  a  portion  of  its  saline  substance  soonei* 
than  the  other,  or  at  least  the  adhering  part  is 
more  diluted  by  the  water,  so  that  the  fluid  with 
which  both  ends  have  been  daubed  over  is  no 

longer  the  same. 
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^  For  these  experiments  I  would  also  recomi- 
mend  silver,  as  a  metal  that  is  less  liable  than 
others  to  be  attacked  and  changed  by  saline  and 
other  liquids.  Tin,  lead,  copper,  and  in  particu* 
lar  iron,  are  more  susceptible  of  lasting  variations ; 
so  that  bows  of  these  metals,  and  of  iron  above 
all,  retain  for  a  long  time  the  power  of  pro- 
ducing convulsions  in  a.  newly  prepared  and 
highly  irritable  frog,  evien  when  both  the  ends  of 
the  bow  are  immersed  in  two  glasses  of  watei:, 
although  the  places  of  the  metal,  attacked  by 
any  of  the  saline  fluids,  have  been  carefully 
washed  and  cleaned.  A  superficial  alteration  ii> 
the  metal  is  sufficient  to  produce  this  change,  as 
may  be  easily  seen.  These  variations  often  shew 
themselves  to  the  eye  by  a  yellow  blackish  spot, 
&c.  which  it  is  difficult  to  remove^  I  do  not 
here  speak  of  lasting  variations,  that  proceed  to -a 
greater  depth,  which  can  be  produced  in  the  end 
of  the  metallic  bow,  and  particularly  in  iron, 
when  its  hardness  is  changed  ;  a  process  by  which 
such  a  bow  can  be  rendered  capable  of  producing 
not  only  convulsions  in  frogs,  but  also  a  particu- 
lar sensation  on  the  tongue,  and  light  before  the 
^/leyes,  if  both  its  ^nds,  made  perfedlly  clean,  are 
only  brought  into  contad  with  pure  water. 
These,  and  many  other  experiments  of  the  like 
kind,  form  the  chief  subjedl  of  my  first  letter  to 
the  Abbd  Vassajlli,  Prpfessor  of  I^atural  Philo- 
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Bophy  at  Turin,  written  in  the  beginning  of  the 
year  J  794,  and  afterwards  published  with  the 
other  in  Brugnatelli's  Journal. 

'^  If  silver  be  less  exposed  to  be  attacked  by 
saline  and  other  ^fluids  (except  by  liver  of  sul- 
phur,  which  instantaneously  renders  it  black); 
if  it  be  less  susceptible  of  considerable  and  last- 
ing variations,  and  has  therefore  this  advantage 
over  other  metals,  that  it  is  liable  to  fewer  irregu- 
larities ;  tin,  on  account  of  its  greater  adlivity^ 
that  is,  the  strength  of  the  efFe6ls  which  it  pro- 
duces by  being  brought  into  contaft  with  almost^ 
•all  moist  condu:tors,  as  I  have  already  observed, 
is  to  be  preferred  to  silver,   and  in  a  certain  de- 
gree to  all  other  metals.    The  experiment  I  have 
already  described  with  a  tin  bason  filled  with  an 
alkaline  fluid,  and  held  in  the  hands  moistened 
*with  water,  by  which  an  acid  sensation  is  excited 
on  the  tongue  when  brought  into  contact  with  the 
above  fluid,  is  a  proof  of  it ;  for  it  would  be  vain 
to  expedl  a  like  effect  from  a  bason  of  lead,  iron, 
or  copper,  and  much  more  so  from  one  of  silver. 
With  the  latter  it  would  be  obtained  only  when 
it  contained  liquid  liver  of  sulphur  ;  and  in  that 
pase  the  acid  taste  would  be  pretty  strong. 

^^  The  eledlric  fluid  is  excited  also  with  the 
greatest  strength  and  a(f\ivity,  when  the  metal  is 
tin,  between  water  and  a  saline  fluid  :  but  it  will 
te  excited  with  still  greater  energy  to  produce  ^n 
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iacid  sensation  on  the  tongue  when  the  tin  h 
between  water  ani  an  insipid  mucilaginous  fluid; 
or  when  the  experiment  is  made  with  a  tin  bason 
iilled  with  a  solution  of  gum,  liquid  glue,  white 
of  an  eggf  &c.  The  other  metals,  in  like  cir* 
cumstances,  produce  some  efPeit,  but  much 
weaker :  silver  produces  the  weakest,  except 
jwith  liver  of  sulphur,  as  I  have  already  ob- 
served. 

*'  A  like  experiment,  which  I  made  three  years 
ago,  and  exhibited  to  various  persons,  not  with 
two  different  fluids  and  one  metal,  as  in  that 
above  described,  but  contrariwise,  with  two  me- 
tals of  a  different  kind  and  a  fluid,  is  already 
known.  I  took  a  bason  of  tin  (one  of  zinc  is 
better),  placed  it  on  a  silver  stand,  and  filled  it 
with  water.  When  any  of  the  persons  in  com- 
pany applied  the  tip  of  his  tongue  to  the  water, 
he  found  it  perfectly  tasteless  as  long  as  he  did 
not  touch  the  silver  stand ;  but  as  soon  as  he 
laid  hold  of  the  stand,  and  grasped  it  in  his  hands 
well  moistened,  he  experienced  on  the  tongue  a 
very  perceptible  and  pretty  strong  acid  taste. 
This  experiment  will  succeed,  though  the  effect 
is  proportionably  weaker,  with  a  chain  of  several 
persons  who  hold  each  other's  hands,  after  they 
have  been  moistened  with  water,  while  the  first 
applies  the  tip  of  his  tongue  to  the  water  in  the 

bason. 
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bason,  and  the  last  lays  hold  with  his  hands  of 
the  silver  stand. 

**  If  these  experiments,  in  regard  to  the  tastt 
excited  on  the  tongue  by  the  adtion  of  two  diffe- 
rent metals,  are  striking,  the  others,  in  regard  to 
the  taste  excited,  modified  and  changed  by  one 
metal  between  two  different  fluids,  are  no  less  so, 
and  they  are  also  newer.  They  ^re  still  interest* 
ing>  on  this  account,  that  they  discover  to  us  the 
cause  of  that  taste  often  perceived  in  water  and 
other  liquids,  which  is  more  or  less  considerable 
or  various  when  drunk  from  vessels  of  metal,  and 
particularly  of  tin.  When  the  outer  extremity 
of  the  vessel  is  applied  to  the  under  lip,  rendered 
moist  by  the  saliva,  and  the  tongue  is  extended 
so  as  to  be  in  contadl  with  the  water,  beer,  wine, 
&c.  in  the  vessel,  or  when  the  tongue  is  bent  as 
is  done  in  drinking,  is  there  not  then  a  complete 
circle,  and  is  not  the  metal  between  two  more  or 
less  different  liquids,  that  is,  between  the  saliva 
of  the  under  lip  and  the  liquor  in  the  cup  or 
vessel  ?  A  stronger  or  weaker  ele6lric  stream 
iftust  thereby  be  occasioned,  according  as  the 
fluids  are  different — a  stream  which  will  not  fail 
in  its  way  to  affe6l  the  sensible  organs  of  the 
tongue  in  the  said  circle. 

"  Besides  the  two  methods  already  considered, 
of  producing  an  eledlric  current,  that  is,  by  meaaSs 
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of  one  or  more  moist  condu6lors,  or  condudtors 
of  the  second  class  placed  between  two  different 
metals  or  condudtors  of  the  first  class ;  or  con- 
trariwise  by  means  of  a  condvwftor  of  the  first 
class  placed  between  two  of  the  second  class,  also 
different ;  there  is  still  a  third  method  of  exciting 
the  eledric  fluid,  though  in  a  degree  so  much 
weaker,  that  it  is  scarcely  capable  of  causing  con- 
vulsions in  a  perfectly  prepared  frog,  in  which 
there  is  still  a  strong  degree  of  vitality.  This 
new  method  consists  in  forming  the  circle  of 
three  different  condudlors,  all  of  the  second 
class,  without  the  intervention  of  one  of  the  first 
Or  a  metal  one.  Some  think  they  find  in  this 
method  a  strong  objedlion  against  my  principle. 

Fig.  20,  represents  this  third  method  compared 
with  the  other  two*.  In  the  experiments  oi 
Professor  Valli,  respe<fting  which  so  much  noise 
has  been  made  without  any  reason,  t  represents 
the  leg  of  the  frog,  and  particulariy  the  hard  ten- 
dinous part  of  the  musculus  gastrocnemius ;  m  the 
rump,  or  the  muscles  of  the  back,  or  the  ischiatic 
nerves,  to  which  the  said  tendinous  parts  are  ap- 
plied ;  and  a  the  blood,  or  the  viscous  sapona^ 
ceous  or  saline  fluids  applied  to  the  point  of 
contact. 


•See  Plate  I.    ' 
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•  ^  I  baire  fully  described  this  new  method^, 
where  no  metal  is  used,  in  my  third  and  fourth 
letter  to  Professor  Vassalli,  written  in  the  au* 
fiimn  and  winter  of  the  year  1795.  I  have  there 
riiewn,  that  these  new  fa<5ts^  far  from  altering 
wj  ideas  and  principles,  serve  rather  to  estaUisb 
them;  and  that  they  render  more  general  the 
principle  that  the  conduftors,  by  heterogeneous 
contadV,  that  is,  of  two  different  from  each  other, 
become  exciters  of  electricity,  and  cohfirm  the 
beautiful  law  arising  from  it,  that  to  produce  an 
,de6lric  stream,  the  circle  must  necessarily  be 
fcrmed  of  three  different  conductors.  You  now 
lee  in  what  the  whole  secret,  the  whole  magic 
consists.;  and  that  it  depends  not  merely  on  me- 
tals, as  might  have  been  believed,  but  on  all  the 
ififFerent  condudlors.  As  long  as  we  adhere  to 
these  principles,  it  will  be  easy  to  explain  all  the 
before-mentioned  experimerrts  without  being  re- 
duced to  the  necessity  of  having  recourse  to  any 
imaginary  principle,  or  any  peculiar  and  a6live 
eleftricity  of  the  organs.  By  their  assistance  you 
win  be  enabled  to  invent  new  experiments,  and 
to  foretell  the  result  of  them,  as  I  have  several 
times  done,  and  still  do  daily.  If  you,  however, 
abandon  these  principles,  you  will  find  nothing 
but  uncertainty  and  contradi<ftion,  and  the  whole 
will  be  an  inexplicable  problem." 

The 
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The  following  postscript  to  these  letters  was 
afterwards  published  by  Professor  Volta. 

*'  Some  new  fai5ts,  lately  discovered,  seem  to 
ihew  that  the  immediate  cause  which  excites  the 
eleiSric  fluid,  and  puts  it  in  motion,  whether  it 
be  an  attraftive  or  a  repulsive  power,  is  to  be 
ascribetd  much  rather  to  the  mutual  contafl:  of 
two  different  metals,  than  to  their  contaft  with 
moist  condudors.  But,  though  it  cannot  be  de- 
nied that  in  the  latter  case  there  exists  an  action, 
it  is  proved  that  it  exerts  itself  in  a  far  more  con- 
siderable degree  when  the  two  metals  mutually 
touch  each  other.  There  arises  by  the  mutual 
contaft,  for  example,  of  silver  and  tin,  an  a6lion 
or  power  by  which  the  former  communicates  the 
ele<ftric  fluid,  and  the  latter  receives  it ;  or  tlie 
silver  suffers  it  to  escape,  and  the  tin  attrafts  it. 
This  produces,  when  the  circle  is  rendered  com- 
plete by  moist  condudors,  a  stream,  or  continual 
circulation  of  the  fluid.  When  the  circle  is  coin- 
plete,  there  is  an  accumulation  in  the  tin  at  the 
expence  of  the  silver;  which  indeed  is  very  small, 
and  far  under  the  point  necessary  to  enable  it  to 
announce  itself  by  the  most  delicate  eleflrometer. 
I  have  however  been  able,  by  the  assistance  of 
my  condenser,  construfted  on  a  new  plan,  and 
•till  better  by  Nicholson's  doubler,  to  render 
it  very  perceptible:  I  shall  here  communicate  the 
result 
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result  obtained  by  my  experiments^  whi<^  I  made 
some  time  ago  with  great  satisfadion. 

"  Eccperifnent  I.  The  three  plates  of  the 
^oubler  are  of  brass.  I  took  two  strong  wires^ 
one  of  silver  and  the  other  of  tin,  and  brought 
the  former  into  contact  with  the  moveable  plate, 
and  the  other  with  one  of  the  fixed  plates; 
while  they  both  rested  on  the  table,  or,  what  is 
^better,  on  moist  pasteboard,  or  any  other  moist 
conductor,  so  as  to  be  in  communication  by  the 
intervention  of  one  or  more  conduAors  of  the 
second  class.  I  suffered  the  apparatus  to  remain 
some  hours  in  this  state,  then  removed  the  two 
wires,  and  put  the  machine  in  motion.  After 
20,  30,  or  .40  revolutions  (or  more  when  the  at- 
mosphere was  not  dry,  or  the  insulation  imper- 
fed),  I  brought  one  of  my  straw  electrometers 
into  contadl  with  the  moveable  plate,  and  ob- 
served indications  of  positive  eledlricity  (+E) 
which  arose  to  4,  6,  10  degrees,  and  more.  If 
I  suffered  it  to  touch  the  fixed  plates,  I  had  the 
\  corresponding  indications  of  the  opposite  kind  of 
ele<5lricity  ( — E). 

'^  The  silver,    therefore,   poured   the   elastic 

fluid  into  the  brass  plate  when  it  had  been  some 

time  in  contaA  with  it ;  and  the  tin  attracted  it 

.  from  the  other  plate,  which  was  also  of  brass^ 

while  in  contad  with  it.    This  was  confirmed  by 

the 
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the  following  experiment,  which  is  a  real  expert^ 
mentwm  cruets. 

^^  11.  I  re\rersed  the  experiment,  so  that  the 
silver  was  in  conta6l  with  one  of  the  fixed  plates, 
and  the  tin  with  the  moveable  one.  The  elec- 
tricity which  I  obtained  from  the  latter,  after  the 
apparatus  had  remained  a  sufficient  time  in  th^ 
position,  was  negative  ( — E) ;  while  that  of  the 
fixed  plate  was  positive  (+  E). 

^^  HI.  I  applied  only  the  tin  wire  to  the  move- 
able plate^  and  insulated  the  two  fixed  ones,  or 
brought  them  into  communication  with  the  table 
or  any  other  moist  conduftors  with  which  the 
tin  wire  was  in  contadl.  This  simple  conta<9:  of 
the  tin  with  the  brass,  of  which  the  moveable 
plate  consists,  is  sufficient  to  excite  in  it  a  very 
small  degree  of  negative  eledlricity  ;  only  a  longer 
time  is  required. 

*'  Those  acquainted  with  the  aftion  of  ele<3:ric 
atmospheres,  and  the  constru6lion  of  the  doubler, 
will  heed  no  farther  explanation,  to  enable  them 
to  comprehend  the  mode  of  aflion  of  this  very 
ingenious  instrument ;  how  the  eledlricity,  once 
obtained  from  the  moveable  plate,  must  occasion 
an  opposite  kind  in  tlie  fixed  plates,  and  vice 
versa ;  how  the  opposite  kinds  of  eledlricity  are 
increased  by  each  revolution  of  the  machine,  &c. 
In  the  present  experiment,  therefore,  when  the 
xaoveable plate  is  r-E,  the  fixed  plate  must  be  +E. 

''  III. 


/ 

I 
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*^  IIL  This  IS  the  reverse  of  the  former.  The 
piece  of  tin  was  applied  to  one  of  the  fixed  plates, 
and  the  metallic  one  was  insulated  from  all  me- 
tallic conta6l»  The  result  was  now  reversed; 
that  is,  the  fixed  plates  were  eledlrified  nega-^ 
tively,  and  the  moveable  one  had  positive  elec« 
tricity. 

**  All  these  experiments  succeed  much  better, 
and  in  a  shorter  time,  if,  during  the  mutual  con^ 
tadl  of  the  different  metals,  the  moveable  plate 
be  opposite  to  either  of  the  other  two  that  are 
fixed;  but  still  better  when  a  piece  of  thick  pa- 
per, such  as  a  card,  not  moist,  and  of  a  thicknes9 
equal  to  the  intermediate  space,  is  placed  between 
the  two  plates  that  stand  opposite  to  each  other. 
It  is  of  advantage  to  leave  the  card  some  time  in 
its  place,  and  not  to  remove  it  till  the  moment 
when  the  metals  in  contad  are  removed  and  the 
machine  put  in  motion.  To  render  the  insula- 
tion complete,  and  make  the  conta6l  of  the  me- 
tals immediate,  without  the  least  moisture,  which 
would  be  highly  prejudicial,  it  will  be  proper  to 
place  the  apparatus  in  the  sun.  Half  an  hour, 
and  often  less,  will  then  be  sufficient  to  obtain 
the  required  eledlricity,  &c. ;  whereas,  in  other 
cases,  several  hours  are  necessary  before  the  de- 
sired result  can  be  obtained.  A  representation 
of  this  experiment  is  exhibited  by  Fig.  21,  22, 
23  and  24,  (Plate  \.)  LLL  (Fig.  21  and  22J 

are 
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tire  the  tliree  brass  plates  of  the  doublerj  A  tlie 
khe  piece  of  silver  which  is  in  Contaft  with  one  of 
these  plates  ;  E  the  piece  of  tin  applied  to  the 
(other  plate,  which  is   opposite  to  the  former ; 

no,  the  moist  condu6tor,  or  chain  of  moist  con- 
'dii(£lors  which  form  a  communication  with  the 
pieces  of  metal.  When  the  silver,  as  in  Fig.  21, 
>ls  in  contail  with  the  anterior  moveable  plate,  it 
gives  up  to  it  a  little  of  the  eledric  fluid,  and 
ihe  latter  accumulates  as  much  of  it  as  possible  ; 
tonsei^uenlly  the  electricity  of  the  plate  becomes 
.|)Ositive,  as  the  sign  +  of  the  plate  shews ; 
Wher&as  the  tin  attradls  the  eleflric  fluid  from  the 
torresponding  fixed  plate,  which  by  these  means 
has  negative  eledricity,  as  the  sign  (— )  of  the 
jjlate  indicates  ;  and  it  even  communicates  this 
Wedricity  to  the  other  lixed  plate,  which  there* 
lore  has  the  sign  ( — )  also. 

In  Fig.  22,  every  thing  is  reversed :  the 
inoveable  plate  is  negatively  eledrified  (— E), 
•chile  the  two  fixed  plates  become positive(-{-E). 
"  Lastly,  in  the  23d  and  24th  Figure,  it  is  seen 
that  the  tin  abstracts  the  eleftric  fluid  from  the 

brass  plate  with  which  it  is  in  contact.  This 
plate  is  therefore  negatively  eledtritied,  or  has 
E  ;  and  by  the  a^ion  of  its  atmosphere  occa- 
sions positive  eleilricity  (  +  E}  in  the  other  plate 

itandrng  opposite,  which  is  in  communication. 

Either   with   the  third    plate,    as    Fig.    23,    or, 
VOL.  I.  K  what 
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what  is  still  better,  with  other  condudors,  as  Fig^ 
24.  These  opposite  eleflricities  increase  after- 
wards with  each  revolution  of  the  machine ;  the 
a6lion  of  which,  according  to  the  theory  of  elec- 
tric atmospheres,  produces  tKis  efFeft  to  the  de- 
gree mentioned,  and  justifies  the  appellation  of 
doubler  of  electricity,  which  has  been  given  to 
this  instrument. 

'  *^  I  now  come  to  the  experiments,  which 
shew  that  we  are  to  seek  for  the  cause  which  calls 
forth  the  aftion  of  the  eledric 'fluid  ;  which  ex- 
cites it,  of  whatever  kind  it  be ;  determines  its 
transition,  &c.  much  rather  in  the  mutual  con» 
ta<ft  of  the  metals,  than  in  the  contaft  of  the 
moist  €ondu6lors  with  these  metals*-  Though, 
according  to  every  circumstance,  we  must  admit 
some  a6lion  of  this  kind  in  the  latter  contaft,  it 
cannot  be  denied  that  the  former  is-  certamTy  the 
most  effectual.  At  present  I  shall  only  mention 
the  two  following  experiments,  which  I  contrived 
in  such  a  manner  that  they  may  serve  to  explaia 
a  question  of  this  kind. 

"  V.  I  left  the  two  fi-xed  plates  of  brass  with- 
out making  any  alteration  ;  took  off  the  third 
moveable  plate,  and  supplied  its  place  by  one  of 
tin  ;  and  arranged  the  machine  in  such  a  man- 
ner, that  the  latter.stood  opposite  to  one  of  the 
other  two  plates.  I  then  applied  to  this  ti» 
plate  a  bit  of  brass^  and  to  the  opposite  fixed  plate 

of 
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t)f  brass  a  pi^ce  of  tin.  After  a  (Convenient  time, 
(for  -example  an  hour,  when  the  weather  was 
perfeftly  dry),  I  took  aWay  the  two  pieces  of  me* 
tal,  or  only  that  of  brass,  and  made  the  moveable 
plate  of  tin,  which  was  in  contact  with  the  piece 
of  brass,  to  revolve  about  thirty  times*  It  thea 
gave  me  very  perceptible  marks  of  positive  elec- 
tricityw 

^^  VI.  I  reversed  the  former  experiment,  and 
rnade  the  piece  of  brass  tquch  the  brass  plate, 
and  the  piece  of  tin  the  plate  of  the  same  metal* 
I,  however,  obtained  nothings  or  almost  nothing ; 
even  when  the  apparatus  was  left  a  much  longer 
time  in  that  situation,  and  when  the  machine 
had  made  twice  or  three  times  as  many  revolu* 
tionSi  ' 

*s^  These  two  experiments  aire  i-epresented  by 
Fig.  25  and  0,6  ;  where  L  is  the  piece  oT  brass ; 
E  that  of  tin  ;  and  a  a  the  moist  condudtors 
which  conne6l  the  two  different  pieces  of  metal*  ' 

'^  In  the  arrangement  of  Fig.  26,  the  same 
contadt  of  different  metals^  viz*  brass  on  the  one 
side>  and  tin  on  the  other,  with  the  same  kind  of 
moist  condudtor^  takes  place>  as  well  as  in  the 
preceding  experiment  of  Fig»  25 ^  The  addition 
of  the  elesftric  fluid  in  the  one,  and  the  abstrac-. 
lion  of  it  in  the  other,  ought  therefore  equally 
to  take  place,  though  in  an  inverted  order,  when 
the  ad  ion  on  the  fluid  calls  forth  the  moving 

K  2  power. 
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power,  by  this  contaft  of  the  two  metads  L,  % 
with-  the  moist  condu6tor  between  them  ;  and 
yet  this  is  not  the  case,  as  no  signs  of  ele^b-icitjr 
^re  obtained  even  after  a  long  time,  tod  when  thfe 
tnachine  has-been  caused  to  make  twice  or  three 
limes  as  many  revolutions.  The  condition  essen- 
tially necessary  to  obtain  ele6lricity  i«,  that  tte 
different  metals  must  be  in  contadl  with  each 
JOther,  which  is  the  case  in  Fig.  25,  but  not  in 
Fig.  26. 

^*  When   the  machine  has  been  repeatfedly 
turned,  something  may  be  obtained.    This  arisen 
either  from  some  small  remains  of  old  elefiricityf 
which  could  not  be  destroyed  or  dissipated  in  th^; 
time  during  which  the  arrangement  of  Figi  2© 
was  continued ;  or  even  from  fresh  eleiWcity  ? 
which  the  moveable  plate  may  have  obtained  frox^ 
the  atmosphere  or  vapours  during  the  pretty  cor^^" 
siderable  time  of  the  machine  being  in  a  state  C^ 
revolution  ;  or  some  accidental  difference,  txihi^^ 
between  the  two  tin  or  tlie  two  brass  pieces,  ma^^ 
be  the  cause  of  some  adlion  on  the  ele6lric  fluic^ 
or  of  some  derangement  in  regard  to  the  equil 
brium.     In   the   last  place,  the  conta6t  of  th 
moist  conductor  with  the  tin  on  the  one  side, 
with  the  brass  on  the  other,  may  have  a  diffi 
rent  aftion,  which,  in  my  opinion,  must  be  ver;^"* 
small,  but  yet  is  not  entirely  without  efFeft. 

"  As  it  is  now  proved  that,  according  to  th^ 

arranged 
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arrangement  of  the  sixth  experiment,  nothing,  or 
alniost  nothing,  is  obtained  by  40,  6o,^and  even 
80  revolutions  of  the  dqubler,'  while  a  greak  deal 
is  obtained  by  that  of  the  fifth  with  20  or  30,  we 
must  therefore  conclude  that  the  contadl  of  two 
inetals  of  a  different  kind  with  moist  conduftors^ 
without  the  mutual  conta6l  of  these  metals  them- 
selves (which  is  wanting  in  the  sixth  experiment, 
'where  brass  is  in  contadt  with  brass,  and  tin  with 
tin),  produces  nothing,  or  almost  nothing ;  and 
that,  on  the  contrary,  the  mutual  contadl  of  the 
two  metals  of  a  different  kind,  which  t^kes  place 
in  the  fifth  experiment,  produces  the  whole>  or 
almD^  the  whole,  effedl," 


k3  chap* 
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ConsideraHans  on  tJ^  orgamzati<m  of  animals 
System  of  Vali^i  combatedr^FaSls  which  prove 

.  the  dissimilitttde  between  galvanism  and  elec^ 
triQity-i — Metallic  magnetism  and  galvanism  com^ 
^pared-— ^Relations  between  tlie  gahanie  infiuencei 
and  the  mtisculary  nervous,  and  vascular  systems       \\ 
of    animals — Inquiry    into    the    source  frofn 
whence  tJie  respeSiive  forces  of  the  nerves  and 
muscles  emanate^ 


C 


THE  work   of   our   learned   countryma 
Fowler,  intitled   "  Experiments  and  Observa^  ^' 
tions  relative  to  the  influence  lately  discovered  b 
M.  Galvani,  and  commonly  called  Animal  Elec 
tricity,"    appeared    about    the   time  when   th 
earliest  inquiries  of  Professor  Volta,  containe 
in  the  preceding  chapter,  were  given  to  the  pub^s* 
lie,  that  is,  in  179?.     After  a  few  refledlions  o 
the  fortunate  accidents  which  have  given  birth^*^ 
to  so  many  important  discoveries,  he  observe 
that  the  phenomena  of  galvanism  are  in  a  manr 
ner  supernatural.    In  repeating  the  experiments, 
it  would  appear  that  the  inquirer  would  be  en- 
sbje4  to  penetrate  into  the  great  secret  of  lifq 
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,and  animality.  The  existence  of  an  anima!  is,  as 
l-it  were,  prolonged  after  its  death  ;  and  such  are 
'<tbe  surprizing  results  of  galvanism,  that  the  spec- 
.totor  who  witnesses  this  seemingly  prolonged 
•«jxistcnce,  is  almost  led  to  entertain  a  hope  that 
'death  may  iinally  be  averted. 

Our  author  now  proceeds  to  take  a  rapid  view 
'■of  the  animal  organization,  as  it  may  be  made 
.cusceptible  of  a  general  influence,  such  as  the 
|50ne  which  forms  the  basis  of  his  inquiry.  Ha 
itegins  by  pointing  out  the  strui£lure  and  general 
>disposition  ol  the  muscles  and  nerves,  the  com- 
mon properties  of  which  he  afterwards  details. 
He  remarks  that  the  mode  by  which  an  external 
agent  excites  irritability  has  not  been  hitherto 
explained ;  and  that  this  is  one  of  the  primary 
£a&.s,  called  laws  of  nature,  relative  to  which  we 
f«re  in  need  of  data,  to  enable  us  to  reason  fully 
on  it.  He  points  out  the  different  stimulants, 
.which  lie  divides  into  internal  and  external,  the 
ifcrmer  of  them  consisting  of  the  various  fluids 
Implied  to  the  muscles,  to  enable  them  to  adt, 
'auch  as  the  blood,  in  the  case  of  the  heart,  the 
'jdiinents  in  that  of  the  stomach,  &c. ;  and  the 
Jatter  of  the  impression  of  extraneous  bodies, 
ilirhether  solid  or  fluid,  on  the  surface  of  the 
Wuscles, 

The  discussion  into  which  oiu-  author  enters 
Id  the  commencement  of  his  work,  may  be  re- 
■  '  K  4  duced 
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duced  to  these  8iin]:4e  fads,  that  thei-e  am^  ^kt 
the  musculo-nervous  economy  of  an  dotmal,  two 
systems  of  organs  very  different  from  eadb  others* 
each  of  them  governed  by  a  particcdar  inflnenc^^ 
namely,  irritability  in  the  case  .of  the  mmde^ 
and  sensibility  in  that  of  the  tterves*  These  twa 
influences  are  reciprocally  modified,  and  are  soiQe"* 
times  dependent^  and  at  other  times  independent 
of  each  other^  the  latter^  sensibility,  having  an. 
immediate  connection  with  the  soul.  Such,  he 
observes,  is  the*  analysis  of  the  progress  made  ia 
the  investigation  of  this  part  of  the  animal  Qrga.«^ 
nization,  at  the  time  when  new  fadls,  aiid  new. 
experiments,  gave  rise  to  and  produced  a  new. 
influence,  by  the  discovery  of  galvanism. 

The  Italian  naturalists,  by  whom  so  many  ex« 
periments  have  been  made  on  this  subje6l,  have 
not  hesitated  to  ascribe  to  common  eleflricity 
the  different  fa6ls  and  phenomena  they  have 
noticed.  They  have  even  carried  the  analogy 
still  further,  and  have  deemed  themselves  autho.^ 
rized  to  compare  the  muscular  and  nervous  sys- 
tems to  the  external  and  internal  surfaces  of 
the  Leyden  phial,  between  which,  according  to 
Franklin's  theory,  there  exist,  when  it  is  charg- 
ed,  two  opposite  states  of  elc6lricity,  one  of  the 
two  surfaces  being  ele6lrified  positively,  and  the 
other  negatively.  This  also,  observe  the  Italian 
physiologists,  is  the  case  with  the  nerve  and '  the^ 

muscle  J  ** 
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muscle ;  and  this  happens  by  the  means  of  a  cer« 
tain  faculty  in  the  animal  organization,  by  virtue 
of  which  one  of  the  two  systems  -ts  cliirged  at 
the  expence  of  the  other.  Examples  of  this  art 
to  be  found  in  the  ele<Si:rical  fishes,  such  as  the 
torpedo  and  the  eel  of  Surinam,  by  which  thia 
fiu^ty  is  displayed,  in  the  medium  even  of  a 
liqtiid  conduftor  of  eIe<Sricity. 

Without  either  admitting  or  reje^ing  this  hy^ 
pothesis^  Fowler  subje<^s  it  to  a  very  severe 
scrutiny.  Among  otlier  subjects  discussed  in  his 
work,  in  which  nature  is  injterrogated  with  great 
sagacity  and  perseverance,  he  inquires  whether  it 
is  in  reality  the  eledric  fluid  which  is  made  to  a^^ 
Whether,  this  being  granted,  its  ad  ion  is  similar  to 
that  of  the  Leyden  phial.  And,  lastly,  whether  the 
influence  in  question  is  propagated  by  the  means 
of  the  nerves,  muscles,  and  organic  vessels. 

After  having  given  a  short  ^tch  of  the  his* 
tory  of  the  discovery  of  galvanism,  he  confirms 
what  had  been  already  noticed  bj'  the  Italian  na- 
turalists, namely,  that  metals  are  the  best  agents 
in  the  experiments,  and  that  the  conta<9;  of  two 
different  metals  is  an  essential  condition.  In  par- 
ticular instances,  in  which  a  single  metal  has  pro- 
duced contraiSlions,  he  thinks  that  this  has  either 
been  owing  to  the  pain  felt  by  tlie  animal,  'vvhich 
was  still  alive  at  the  time  of  the  conta6t,  or  be- 
cause the  metal,  however  pure  it  might  appa- 
rently 
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rently  be,  contained  a  portion  of  alloy,  or  of 
solder*.  He  attaches  some  importance  to  the 
choice  of  the  metals ;  and  observes  that  zinc  on 
the  one  hand,  in  contadl  on  the  other  either  with 
gold  or  silver,  produces  the  most  striking  efFedis. 
With  the  aid  of  these  metals  he  frequently  re- 
excited  contraftions  more  than  twenty-four  hours 
after  they  had  ceased.  In  making  this  experi- 
ment the  nerve  was  coated  with  tin,  and  a  diffe- 
rent metal  employed  to  establish  the  battery, 
from  the  coating  to  the  muscle. 

It  was  found  by  this  naturalist : 

1st,  That  the  bulk  of  the  metals  employed  ^ 
the  experiment,  and  the  extent  of  thk  surface 
brought  in  contaft,  had  a  considerable  influence 
in  augmenting  the  efFefts. 

2dly,  That  water  may  be  employed  to  establisb^- 
a  communication  between  the  metals  in  contact 
and  the  denudated  nerves. 

3dly,  That  the  duration  of  the  phenomen 
depends  on  the  season,  the  nature  of  the  animal" 
death,  &c.     The  author  frequently  succeeded  ia-^ 


*  It  will  be  seen  in  the  sequel,  that  experiments  made  at  a 
subsequent  period  have  proved  that  this  circumstance  is  not  of 
io  much  importance  as  had  been  before  apprehended^  and  that 
galvanic  contradions  may  be  produced  witliout  tlie  necessity 
f)f  any  metal  being  employed  in  the  apparatus. 

exciting 
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exciting  contradlions  in  a  frog,  the  head  of  which 
had  been  cut  off  three  days  before. 

The  faculty  of  exciting,  or  bringing  into  ad  ion 
the  galvanic  influence,  should,  however^  he  ob- 
serves, be  distinguished  in  the  apparatus  from 
that  by  which  it  is  conduded  or  transmitted. 
His  attention  appears  to  have  been  particularly 
direfied  to  this  condudling  property,  between 
which  and  eledricity  he  noticed  a  striking  ana- 
logy. Notwithstanding  metals  are  excellent  con- 
du6lors,  he  found  this  not  to  be  the  case  with 
the  metallic  oxydes*.  The  salts  which  have  these 
pxydes  for  their  bases,  are  but  bad  condu6lors. 

Substances  which  do  not  possess  the  property 
of  condudling  the  eleftricity,  deny  at  the  same 
time  a  passage  to  the  influence  in  question,  un- 
less they  be  in  a  humid  state.  It  appears  to  pass 
through  the  substance  of  metals,  when  their  sur- 
face is  coated  with  wax,  or  with  any  other  non- 
icondu£ling  substance^     It  is  readily  transmitted 


*  In  the  new  chemical  nomenclature,  the  name  of  oxrdes  is 
^ven  to  the  combinations  of  metals  with  the  oxygenous  prin- 
<up]e  which  is  imparted  to  them  either  by  the  air,  by  water, 
^r  by  the  acids,  and  converts  them  into  a  pulverulent  substance, 
variously  coloured,  according  to  the  metal  from  which  it  is 
rf ormtd,  and  to  the  quantity  of  oxygen  which  is  appropriate 
^o  it.  This  modification  of  metals  was  formerly  denominated 
^netallic  cq.Ix, 

^through 


140        FQWLER  ON  ANIMAL  ELtCTWCltlr. 

through  gold  or  silver  chains ;  but  not  with  aa 

equal  facility  through  brass  chains,  unless  thejf 

4re  forcibly  extended.     This  tension  produces  a 

more  perfed  contac^l  between  the  rings ;  and  thU 

condition  is  the  more  essential,  as  the  smallest 

layer  of  air  opposes  an  insurmountable  obstacle 

to  the  galvanic  influence.    The  temperature  of 

the  conduftor  may  be  varied  in  a  certain  degree, 

without  influencing  the  effeds.    Ice,  when  per^ 

fedtly  dry,  is  not  a  condwSor.   Contradiops  may 

be  excited  in  a  frog  without  its  being  skinn^. 

For  this  purpose^  nothing  more  is  required  than 

to  place  the  animal  on  zinc  or  tin,  and  to  touch 

some  part  of  it  with  silver,  taking  care  that  the 

latter  metal  and  the  zinc  or  tin  should  be  in  con* 

ta<5t.  This  experiment  succeeds  equally  well  when 

the  frog  is  immersed  in  water* 

Doubts  having  arisen  as  to  the  necessity  of 
comprehending  the  muscle  in  the  circuit  or  bat- 
tery, and  the  result  of  several  experiments  hav^ 
ing  seemed  to  indicate  that  this  condition  is  not 
essential.  Fowler  was  enabled  to  ascertain  that 
it  really  is  so.     He  observes,  that  the  incertitude 
on  this  head  may  be  accounted  for  by  the  humi-.* 
dity  with  which,  in  certain  instances,  the  siu-faces 
are  covered,  and  which  must  unquestionably  per-r 
ibrm  the  office  of  a  condudor.     By  this  circum^ 
stance,  which  enables  the  nervous  and  muscular 
systems  to  contribute  at  the  same  time  to  the 
^  efF?(Sls 


POWLBR  OKr  ANIMAL  ELECTlllCITY.         141 

fefFe^ls  of  the  galvanic  influence,  Dodlor  Valli 
was  more  particularly  led  to  the  comparison  lie 
drew  between  these  efFefts  and  those  of  the 
liCyden  phial.  Now,  observes  Fowler,  in  thfe 
icase  of  the  latter,  a  single  conductor,  applied  to 
the  two  surfaces,  established  '  the  equilibrium 
between  them  by  the  common  explosion ;  while 
in  that  of  the  galvanic  influence,  two  metallic 
Substances  are  invariably  required.  A  frog,  placed 
in  an  eledlric  bath,  and  in  a  manner  inundated 
with  elfeflricity,  whether  negative  or  positive,  is 
nevertheless  equally  susceptible  of  galvanism. 

The  equilibrium  between  the  two  coatings  of 
the  Leyden  phial  is  likewise  established  by  apply- 
ing the  exciting  arc  to  either  oPthem.  But  such 
an  indifference  does  not  exist  in  the  prepared 
frog,  in  the  case  of  which  the  contractions  are 
much  more  violent,  if  the  condudlor  be  applied 
in  the  first  instance  to  the  muscle,  and  afterwards 
to  the  coating  of  the  nerve.  In  favour  of  hia 
hypothesis,  Valli  contends  that  a  certain  space 
of  time  must  be  left  to  the  prepared  animal,  to 
enable  it  to  recover  the  faculty  of  contracting  it- 
•elf,  a  contraction  having  been  already  produced, 
because  the  Leyden  phial  is  re-charged  during 
such  an  interval*  Fowler  urges  in  reply,  that 
the  same  phenomenon  is  observed  in  experiments 
made  on  the  irritability  of  the  heart,  when  that 
?iscus  is  taken  out  of  the  animal.     The  excite- 

ment 
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ment  by  which  it  is  produced  must  likewise  aA 
by  intervals ;  but  it  will  not  on  that  account  b«f 
argued  that  irritability  and  galvanism  are  one  and! 
the  same  thing,  and  that  the  heart  also  is  a 
Leyden  phial.  This  part  of  the  system  of  the 
Italian  naturalist  in  question  may, .  however,  fatt 
to  .the  ground,  wkhout  its  following  that  eledri-*- 
city  and  galvanism  are  two  different  agents#  Ah 
approximation  of  them  is  established  by  so  many 
analogies,  as  to  dispose  the  observer  to  entertain 
a  belief  of  their  identity.  This  persviasion  Fowl-eA 
combats  by  the  following  arguments. 

The  primary  cause  of  the  eleclric  phenomena 
consists  invariably  of  motion  ;  instead  of  whichy 
in  galvanism,  motion  is  the  effeA  and  not  the 
cause.     In  the  case  of  the  above  cited  phetio-* 
mena,  a  single  conducing  substance  suffices  v 
but  two  are  required  to  render  the  influence  (>^ 
galvanism  manifest.    In  ele6tric  animals,  such  a-^ 
the  torpedo,  the  efFe6l^}  are  subjeded  to  the  in- 
fluence of  their  will ;  but  in  the  case  of  the  in^^ 
fluence  of  galvanism,  the  will  of  the  animal  i 
not  consulted.     Certain   conduftors  which  ar 
highly  efficacious  in  ele6lricity,  are  but  indiffe- 
rently so  in  galvanism  ;   and  vice  versa.     Tfi8 
most  delicate  eleSrometers  do  hot  indicate  the 
influence  of  the  latter,  which  is  insensible  to  the 
ordinary  perceptions.     It  is  a  welt  known  fa6t, 
that  eledricity  exhausts  irritability,  which  galva- 

,  nrsm. 
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nism,  on  the  contrary,  appears  to  augment.  On 
this  head  Fowler  observes,  that  a  frog  which  had 
been  some  time  dead,  and  which  did  not,  when 
8ubje6led  to  the  galvanic  influence,  afford  any 
token  of  sensibility,  began  at  length  to  manifest 
contradtions  which  augmented  afterwards. — To 
continue  his  reasoning : — ^while  eledlricity  dis- 
poses the  muscles  to  putrefa(Slion,  galvanism,  on 
the  other  hahd,  seems  to  diminish  this  tendency. 
It  is  said  that  the  leaves  of  the  sensitive  plant, 
when  eledlrified,  display  the  movements  peculiar 
to  that  plant ;  an  efFedl  which  was  not  produced 
by  galvanism,  when  a  similar  application  of  its 
influence  was  made.  The  torpedo  does  not  ap- 
pear to  be  itself  affedled  by  the  eledric  pheno-. 
mena  it  produces  on  other  animals;  while,  on 
the  other  hand,  the  animals  in  which  galvanism 
is  inherent,  are  themselves  fully  susceptible  of  its 
influence. 

To  the  evidences  of  dissimilitude  which  subsist 

« 

between  galvanism  and  eleftricity,  our  author 
annexes  a  particular  faA,  which  furnishes  an  ex- 
ception to  the  reciprocal  independence  of  galva- 
nism and  of  the  will,  such  as  he  had  observed,  in 
the  course  of  his  experiments,  in  particular  eases. 
Frogs  in  a  healthy  state  were  rarely  a6led  on  by 
the  ordinary  processes  of  galvanism ;  but  as  soon 
as  the  sciatic  nerves  had  been  divided,  and  the 
influence  of  the  will  on  the  movements  of  the 

extremities 
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tetretnities  in  this  way  suspended^  the  contrsdt 
tions  produced  by  galvanism  were  as  powerfiil  al 
^  if  the  legs  had  been  entirely  separated.  Thisr  w$i 
not  owing  to  the  contadl  <y(  the  metal  with  th< 
wound,  which  was  carefully  avoided ;  and  €y€tf 
when  the  former  was  brought  in  Contafb  wife 
the  denudated  nerve,  the  contradtion  did  nof 
ensile  unless  the  nerve  had  been  previously  di-» 
vided.  It  is  known  that  the  will  has  not  thtf 
power  to  put  a  stop  to  the  contraflions  produced 
by  eledricity ;  but  it  may  be  seen  here,  ott  th* 
contrary,  that  the  galvanic  movements  become! 
more  powerful  in  proportion  as  the  will  is  less 
enabled  to  thwart  them.  If  these  cfFefts  are  riot 
eleSric,  and  if  the  intervention  of  ntetals  iS  con^ 
stantly  requisite  to  produce  them,  they  must^ 
obsei-ves  Fowler,  be  due  to  some  new  and 
hitherto  unknown  property  irt  the  met^als  tbem-^ 
selves.  But,  on  another  hand,  the  presence  of 
metals  is  not  the  only  condition  required :  a  givert 
state  of  the  animal  organization  is  alsa  heces-^ 
sary. 

Such  are  the  principal  conclusions  oitr  tfiithoi!' 
draws  from  the  experiments  contained  in  th^e? 
first  section  of  his  work.  In  the  second,  he  in-* 
quires  whether  magnetism  (the  mineral  magne-? 
tism,  properly  so  called)  has  any  connexior^with 
the  galvanic  influence.  His  inference  i's,  that  thef 
contradions  excited  by  a  magnet^  whether  fiati^ral 
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Or  artificial,  are  merely  owing  to  its  metallic  qua- 
lity ;  and  that  the  same  efFe<ft  would  be  produced 
by  a  simple  bar  of  steel  or  iron.  It  consequently 
adsy  not  as  a  magnet,  but  as  a  metal. 

The  third  section  contains  an  inquiry  into  the 
connexion  which  may  subsist  between  the  gal- 
vanic influence  and  the  muscular,  nervous,  and 
vascular  systems  of  animals.  The  author  does 
not  undertake  to  enter  into  a  minute  investiga- 
tion of  these  three  subjeds  ;  but  merely  consi-  ^ 
ders  them  '  as  a  convenient  classification,  in  ar« 
ranging  the  fafts  which  resulted  from  his  experi- 
ments. As  the  most  skilful  anatomist  cannot 
succeed  in  completely  separating  the  muscles 
from  the  nerves,  and  as  he  cannot  Consequently 
determine,  in  any  given  case,  whether  the  gal- 
vanic influence  has  passed  by  the  former  of  these 
systems,  or  by  the  latter,  the  galvanic  experi- 
ments were  in  the  present  instance  made  on  two 
classes  of  animals,  which  are  conjedlured  by  seve- 
ral physiologists  to  be  unprovided  either  with^ 
brain  or  nerves,  on  account  of  the  difficulty  of 
discovering  in  them  these  organs.  Of  this  de- 
scripticm  are  earth-worms  and  leeches.  On  thii 
occasion  the  author  apprizes  his  reader,  that  his 
opinion  is  altogether  different  from  that  of  the 
^physiologists  in  question. 

tte  had  an  opportunity  to  notice  that  the 
earth-worms,  laid  on  a  circular  piece  of  zinc,  dis- 

yoL.  I.  h  played. 
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played^  as  sodn  as  a  piece  of  silver  was  brought 
in  conta<^,  contradtions  precisely  similar  to  those 
manifested  by  living  frogs ;  or,  in  other  words, 
that  the  contractions  were  confined  to  the.  parts 
which  bad  been  previously  wounded,  and  were  in 
a  cicatrized  state.  When  these  worms  were  sos* 
pended  across  a  rod  of  silver,  and  the  head  9Xid 
tail  brought  in  conta6t  at  the  same  time,  with  the 
zinc,  the  effed  of  the  galvanic  influence  was  such 
as  to  produce  a  shock  which  extended  from  the 
tail  to  the  head.  The  same  experiment  was  tried 
on  leeches  with  a  similar  efFe<ft.    It  becomes  v^ry 
striking  when  an  earth-worm^  or  a  leech,  is  placed 
on  a  jriece  of  silver  which  rests  on  a  plate  of 
zinc.     In  this  case,  the  animal  seems  to  be  re- 
pulsed by  a  painful  sensation,  whenever  the  an- 
terior part  of  its  body  is  brought  near  to  the  zinc, 
in  the  efforts  it  makes  to  repose  itsetf.     It  be- 
comes fatigued  by  its  fruitless  exertions  to  change 
this  position,  in  which  it  does  not  appear  to  be 
retained  by  any  visible  obstacle.    When  it  i» 
placed  on  the  zinc,  it  seems  to  feel  a  sensation  of 
the  same  unpleasant  nature,  as  soon  as  its  head 
is  brcfught  in  contadl  with  the  silver,  in  its  at- 
tempts to  crawl,  and  to  extricate  itself  from  tH^. 
pain  it  suffers. 

These  fails  seem  to  prove  that  the  animal^  5^ 
question  are  provided  with  nerves  ;  but  do  n^* 

demonstrate  tllat  the  galvanic  influence  afts  c^^ 

tl^^ 
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the  muscles  alone,  without  the  mediation  of  the 
nerves.  The  latter,  indeed,  appear  to  be  more 
immediately  concerned  in  all  the  phenomena  of 
galvanism.  On  this  subject  our  author  made 
a  very  curious  and  interesting  inquiry,  namely, 
whether  the  nerves  in  general  are  equally  sub- 
jei^ed  to  the  influence  of  galvanism,  or  whether, 
on  the  other  hand,  those  which  are  governed  by 
the  will  feel  it  exclusively.  Of  all  the  muscles, 
the  heart  is  the  one  which  is  at  the  same  time 
the  most  powerful,  and  the  most  independent  of 
the  will.  This  muscle,  in  a  highly  irritable  state, 
was  separated  from  the  body  of  a  cow  which  had 
been  recently  killed,  and  snbjedled,  in  its  prepara- 
tion, to  the  processes  employed  in  preparing  frogs. 
The  intercostal  nerve  having  been  coated,  while 
the  contraflions  of  the  auricles  were  still  appa- 
rent, the  metals  which  were  brought  in  contaiS 
did  not  appear  to  have  any  influence  on  these 
contradions,  neither  did  they  renew  them  afteP 
■they  had  ceased.  The  great  influence  of  the 
passions  of  the  mind,  as  well  as  of  particular  in- 
ries  of  the  brain,  on  similar  contradlions,  having 
led  the  author  to  presume  that  he  ought  to  have 
found  a  result  very  different  from  the  one  which 
13  just  been  pointed  out,  he  determined  to  per- 
:re  in  his  trials  ;  and,  after  a  variety  ot  useless 
.tempts  on  hot-blooded  animals,  succeeded  in 
dewing,  by  the  means  of  galvanism,  the  con- 
i  2  traitile 
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tradile  movements  of  the  heart  of  a  frog,  anhour' 
after  they  had  ceased.  He  repeated  this  experi* 
ment  more  than  twenty  times,  and  found  it  con* 
stantly  to  succeed.  The  most  certain  metiiod  of 
operating  is  to  place  the  heart,  in  an  insulated 
state,  on  a  small  plate  of  zinc.  The  experiment 
may  hk  made,  with  a  similar  result,  on  the  heart 
of  a  cat  drowned  in  warm  water ;  but  when  the 
animal  has  been  dro>jvned  by  an  immersion  in 
cold  water,  it  does  not  succeed.  I>.  FowL^a 
made  several  fruitless  attempts  to  transmit  the 
galvanic  influence  to  kittens  still  remaining  in 
the  belly  of  the  mother,  after  she  had  been 
killed.  The  stomach  and  intestines  did  no^  ap- 
pear to  him  to  be  at  all  susceptible  of  this  in- 
fluence. 

Its  effects  on  the  organs  of  the  senses  had 
already  been  discovered  by  the  celebrated  Volt  a  ; 
and  much  has  been  said  relative  to  the  disagree- 
able taste  left  on  the  tongue,  when  two  different 
metals,  one  of  them  laid  on  the  superior  surface 
of  that  organ,  and  the  other  touching  the  inferior 
surface,  are  brought  in  contadt.  This  taste  is 
particularly  striking  when  gold  and  zinc  are  em- 
ployed. In  comparing  it  with  the  one  which 
electricity  produces  on  the  same  organ.  Dr. 
Fowler  discovered  that  they  do  not  bear  any 
resemblance  to  each  other.  The  successful  result 
of  the  experiments  is  influenced  by  the  tempe- 
rature. 
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rature,  the  most  convenient  one  being  that  of  the 
tongue  itself.  Within  certain  limits,  however, 
the  temperature  appears  to  have  no  other  influ- 
ence than  that  of  diminishing  the  sensibility  of 
the  organ  in  question  ;  and  in  this  respect  either 
cold  or  heat,  or,  in  other  words^  a  temperature 
either  too  low  or  too  high,  is  produ<5live  of  the 
same  efieft,  that  of  blunting,  and  even  destroy- 
ing the  sensation,  but  not  the  cause.  Irritability, 
properly  so  called,  is  not  destroyed  by  cold; 
since  we  are  told  by  Dr.  Fowler,  that  the  thighs 
of  frogs,  after  having  been  suffered  to  lie  for 
some  hours  on  a  bit  of  glass,  still  displayed  pow- 
erful contra6lions.  On  the  other  hand,  the  life 
and  irritability  of  the  most  healthy  frogs  are 
completely  destroyed  in  a  few  minutes,  when 
these  animals  are  put  into  water  heated  to  106 
degrees  of  Fahrenheit. 

By  introducing  into  each  of  his  ears  a  diffe- 
rent metal,  and  by  establishing  a  communication 
between  the  two  metallic  substances,  our  author 
felt  a  shock  in  the  head  at  the  instant  of  their 
contad.  He  could  not,  by  the  means  of  gal- 
vanism, afiedt  either  the  ordinary  sense  of  feeling, 
or  that  of  the  smell ;  but  the  effed  produced  by 
it  on  the  sight  was  very  singular.  He  placed  a 
bit  of  tin  -foil  on  the  point  of  the  tongue,  and 
applied  the  rounded  extremity  of  a  silver  pencil - 
isase  to  the  internal  angle  of  the  eye.    After 

L  3  having 
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having  waited  until  the  above  parts  were  m&^ 
ciently  accustomed  to  the  conta6l,  to  exuible  him 
to  perceive  a  sensation  of  some  kind,  he  broiigbt 
the  tin  and  silvier  in  contad,  and  instantly  per-> 
eeived  a  flash  of  pale  lights  at  the  same  time  that 
bis  tongue  was  ^e(5\ed  by  the  sensation  custom 
inarily  produced  by  the  contadl  of  the  two  men- 
tals. Zinc  and  gold  render  thQ  flash  still  moro 
intense* 

:   The  same  effc<?i:  may  be  produced  by  the  in-* 
Itertion  of  one  of  the  two  metals  into  the  nose^ 
the  nasal  branch  of  the  fifth  pair  of  nerves^  which 
joins  a  branch  of  the  third  pair,  occasioning  a 
sympathy  between  the  two  organs.     In  this  ex-p 
periment  th^  piece  of  zinc  ought  to  be  Idid  on 
the  tongue.     When  it  is  made  with  the  neces^ 
sary  precautions,  the  iris  is  even  seen   to  dilate^ 
and  the  pupil  to  contract,  as  often  as  the  metals 
are  brought  in  contadl.     The  sensation  of  a  flash 
may  also  be  produced  by  a  still  more  simple  pro-? 
cess,  namely,  by  placing  one  of  the  metals  withia 
the  upper  lip,  between  it  and  the  gum,  and  the 
other  on  the  tongue,  or  between  the  gums  and 
the  lower  lip.     The  sensation,  in  this  case,  in- 
stead of  being  confined  to  the  eye,  extends  to 
every  part  of  the  face.     For  this  experiment  we 
are   indebted  to  Mr.  Hunter,  of  York.      Dr. 
Rutherford  has  noticed  that  the  sensation  t^ket 
pl^p^  inimediately  after  the  separation,  as  well 

as 
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as  at  the  time  of  the  contatl  of  the  metals.  A 
kind  of  heat  is  also  felt  on  the  tongue  at  the 
same  moment. 

There  is  likewise,  in  the  human  body,  3  sys- 
tem of  organs  analogous  to  that  of  the  nerves, 
60  far  at  least  as  they  are  possessed  of  an  inde- 
finite ramification.  These  are  the  blood-vessels, 
as  well  those  which  are  named  arteries,  and 
which  carry  the  blood  from  the  heart  to  the  ex- 
tremities, as  those  which  are  denominated  veins, 
and  which  bring  back  that  fluid  from  the  extre- 
mities to  the  heart.  Dr.  Fowler  was  desirous 
to  ascertain  whether  this  system,  called  the  vas- 
cular, would  be  influenced  by  g,  Ivanism.  He 
accordingly  disposed  the  foot  of  a  living  frog  in 
the  same  way  as  he  would  have  done,  had  he 
wished  to  observe  the  circulation  of  the  blood, 
that  is,  he  placed  the  membrane  which  separates 
the  phalanxes,  in  a  state  of  extreme  tension,  on 
a  microscope  of  strong  powers.  The  different 
currents  formed  by  the  blood  were  to  be  seen 
very  distinctly,  and  appeared  to  the  author  to  be 
accelerated  by  each  application  of  the  galvanic 
»fluid.  The  gentlemen  who  were  present  on  the 
ion  were  not,  however,  sensible  of*  this  ac- 

lo'ation.  The  esperiment  is  so  delicate  and 
complicated,  more  particularly  on  account  of  the 
inflammation  which    the   preparation    invai'iably 

:asions  in  the  parts  which  are  subje^iied  to  it, 
L  4  that 
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that  the  uncertainty  of  its  result  is  by  no  tneatts 
extraordinary.  On  this  account  Dr.  Fowx.br 
had  recourse  to  a  different  process.  After  bar- 
ing disseded  the  sciatic  nerve  of  a  frog  down  to 
the  joint  of  the  knee^  he  raised  up  and  insulated, 
on  a  paper  covered  with  wax,  the  crural  arterjr, 
placing  it  in  the  circuit  of  silver  and  ^inc '  The 
contadl  of  the  metals  was  not  productive  of  any 
contra6iions  in  the  muscles;  at  the  same  time 
that  a  spark,  or  a  simple  current  of  eleiOridty, 
applied  to  the  vessels  themselves,  excited  power- 
ful contractions.  From  the  few  fads  he  was 
enabled  to  colled.  Dr.  Fowler  did  not  come  to 
any  absolute  conclusion,  whether  the  blood-ves- 
•els  are  absolutely  insensible  to  galvanism,  o^- 
otherwise. 

He   afterwards  endeavoured  to  ascertain  th^ 
ditedion  followed  by  the  galvanic  influence,  whe 
applied  to  the  nervous  system.     He  found  it  t 
ad  as  evidently  in  the  diredlon  by  which  it  pro 
ceeds  from   the  extremity  of  the  nerves  toward 
their  origin,  as  in  the  opposite  diredion,  namely^ 
in  the  one  by  which  the  influence  of  the  will  iss^ 
transmitted  to  the  muscles  that  are  obedient  to  it. 

In  the  fourth  division  of  his  Essay,  I>.  Fow- 
ler employs  the  galvanic  influence  to  determine 
a  strongly  contested  point  of  physiology,  namely, 
the  source  from  whence  the  respedive  forces  of 
the  nerves  and  muscles  emanate.     While  several 

physi- 
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phy^cdogists  place  this  source  exclusively  in  the 
brain,  others  maintain  that  it  resides  in  the  arte* 
riaX  system,  and  in  the  fluid  it  contains,  which^ 
agreeably  to  the  sj^tem  of  Dr.  Monro,  gives 
the  tone  to  the  nerves,  and  disposes  them  to 
transmit  impressions.  To  resolve  this  question, 
it  became  necessary  to  intercept  the  communica- 
tion of  the  muscles,  as  well  with  the  brain  as 
with  the  arteries,  and  to  observe  the  efie^ta 
which  would  result.  It  is  to  be  observed,  that 
this  interruption  was  to  be  merely  partial ;  since, 
in  rendmng  it  complete,  the  organisation  would 
have  l^een  so  much  changed  as  to  lead  to  an  error 
in.  the  result.  The  legs^  after  the  sciatic  nerve 
bad  been  divided  in  each  of  them,  became  para- 
lytic; and,  notwithstanding,  immediately  after 
the  operation,  became  violently  contradled  by  the 
application  of  the  metals.  The  experiment  hav- 
ing been  repeated  on  four  frogs,  killed  at  diffe- 
rent epochs,  namely,  from  two  to  nine  days  after 
the  amputation  of  the  nerve,  it  was  not  demon-^ 
strated  that  the  con  trad  ile  force  was  either  more 
permanent,  or  more  energetic,  in  the  legs,  the 
Serves  of  which  had  remain^  in  their  entire 
^tate,  than  in  those,  the  nerves  of  which  had 
iDeen  divided. 

These  experiments  were  repeated  on  frogs 
'Xvhich  had  been  suffered  to  live  for  a  long  time 
lifter  the  nerve  had  been  divided,  to  the  end  that 


t  t 
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the  wound  might  be  well  cicatrized.  It  appdiired 
t4iat  there  had  been  no  true  regeneration  of  the 
nerve,  and  that  the  gelatinous  substance  whtdi 
had  been  formed  between  the  divided  extrenndties, 
and  by  which  they  appeared  to  have  been  re- 
joined,  was  not  in  reality  a  nervous  substance* 
The  leg,  the  nerve  of  which  had  been  divii^, 
continued  to  contra(£l  longer  than  the  other^  al<» 
though  with  less  energy. 

:  Similar  experiments  were  afterwards  made^  but 
with  a  very  different  result.  Notwithstanding 
the  appearance  of  the  muscles,  in  the  limbs,  tl^ 
nerves  of  which  had  been  divided  upwards  of  six 
weeks  before,  was  precisely  the  same  with  that 
of  the  muscles  which  had  not  been  subjeded  to 
any  operation,  still  the  former,  brought  into  ^ 
paralysed  state  by  the  amputation  of  the  nerve, 
were  so  little  aded  on,  either  by  electricity  or  by 
galvanism,  that  the  contraftions  were  scarcely 
perceptible. 

Experiments,  similar  to  those  made  on  the 
nerves,  were  tried  by  our  author  on  the  arteries, 
with  this  difference,  that  a  simple  ligature  was 
substituted  to  the  amputation.  It  appeared  to 
him,  that  the  interruption  of  the  circulation  of 
the  blood  had  been  more  efFeclual  in  destroying 
the  adion  of  galvanism,  than  had  been  that  of 
the  communication  with  the  brain,  by  the  means 
of  the  amputation  of  the  nerve.  As  these  two 
^  descrip-» 
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descifiptions  of  experiments  had  been  made,  how<« 
ever,  on  distinct  animals,  doubts  remained  rela« 
tive  to  the  consequences  which  might  be  drawn 
from  a  comparison  between  them.  To  remove 
these  doubts,  Dodor  Fowler  disseded,  in  the 
same  frog,  the  sciatic  nerve,  on  the  one  side,  and 
on  the  other  tied  the  crural  artery.  At  the  ex-^ 
piration  of  two  days  the  animal  was  killed. 
Within  the  twenty-four  hours  which  followed 
its  death,  the  leg,  the  nerve  of  which  had  been 
divided,  cotitraded  more  violently  than  the  other. 
After  this  lapse  of  time  there  did  not  appear  to 
be  any  difference  in  the  intensity  of  the  contrac- 
tions on  either  side ;  but  at  no  one  moment  were 
they  more  violent  in  the  leg,  the  artery  of  which 
had  been  tied,  than  in  the  one  the  nerve  of  which 
A  had  been  dissected. 

Another  frog  having  been  treated  in  the  same' 
Way,  and  killed  on  the  sixth  day  after  the  opera- 
tions had  been  performed,  the  contra6lions  were 
t^ery  weak  in  the  leg,  the  artery  of  which  had 
been  tied,  and  ceased  entirely  at  the  expiration 
of  twenty-two   hours   after  the  death   of   the 
Animal.   In  the  leg,  however,  the  nerve  of  which 
^ad  been  divided,  they  seemed  as  powerful  as 
*hey  usually  are  in  a  leg  which  has  not  been 
^ubjedted  to  such  a  process ;  and  the  sensibility 
"^o^  the  galvanic  influence  lasted  upwards  of  two 
^ays  l;>eypnd  the  epoch  at  which  it  ceased  in  the 

other 
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other  leg.  These  experiments  having  bedh  t€* 
peated  on  three  other  frogs,  were  attended  hy 
Che  same  result,  and  left  no  doubt  but  that  the 
interruption  of  the  circulation  of  the  bkxxl, 
brought  about  a  proportionate  diminution  in  the 
sensibility  of  the  nerves  and  muscles  to  the  gal* 
vanic  influence. 

It  was  necessary  to  ascertain  whether  this  pro- 
portion would  hold  good  in  all  the  gradationi^ 
that  is,  whether  an  increase  in  the  arterial  a6Uoii 
would  produce  an  augmentation  in  the  galvanic 
sensibility.  An  inflammation  of  any  part  what- 
ever is  constantly  accompanied  by  an  accelera- 
tion in  the  motion  of  the  blood :  our  author  ac- 
cordingly produced  an  artificial  inflammation  in 
one  of  the  legs  of  a  frog.  By  the  application  of 
the  galvanic  process  contra6lions  were  produced 
•in  this  leg,  but  not  on  the  other,  which- was  left 
in  its  entire  state.  ^  The  same  thing  happened  in 
the  case  of  another  frog,  during  two  consecutive 
days  after  its  death.  Five  other  experiments 
were  attended  by  a  similar  result.  Dr.  Fowler 
explains  the  difference  between  these  uniform 
consequences,  and  those  of  the  two  experiments 
in  which  the  faculty  of  manifesting  contra6lions 
appeared  to  have  been  destroyed  by  the  amputa- 
tion of  the  nerve.  He  entertains  a  persuasion 
that,  in  the  latter  case,  several  of  the  arteries 
which  proceed  to  the  nerve,  and  accompany  it  in 

its 
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its  ramifications,  •  had  been  cut  as  well  as  the 
nerve  itself,  and  had  thus  essentially  changed  its 
organization. 

Here  Dr'.  Fowler  combats  the  opinion  of 
FoNTANA,  that  the  nerves  are  never  re-esta- 
blished, after  having  been  divided,  in  such  a  way 
as  that  the  intermediate  part  should  become  a 
truly  nervous  substance.  In  opposition  to  this 
opinion,  he  cites  the  experiment  made  by  Dr. 
MoNRO|  in  which  the  sciatic  nerve  of  a  frog 
was  fotmd  to  have  been  completely  re-produced 
at  the  expiration  of  a  year  after  it  had  been  am- 
putated. Tlie  system  of  the  re-produdion  of  the 
nerves  is  supported  by  the  case  of  the  captain 
of  a  ship,  who,  in  consequence  of  a  gun-shot 
wound,  lost  the  use  of  his  arm,  the  ball  having 
divided  a  branch  of  the  cervical  nerves;  but  who 
recovered  the  use  of  the  limb  at  the  end  of  two 
years  and  a  half*.  From  the  above  series  of 
fadls.  Dr.  Fowler  concludes,  that  the  arterial 
system  contributes  more  essentially  than. the  brain 
itself,  to  stimulate  and  keep  up  the  disposition  of 
the  muscles  and  nerves  to  the  galvanic  contrac- 
tions. ^ 

By  the  conclusions  and  inferences   he  had 
drawn.  Dr.  Fowler  was  led  to  a  series  of  very 

« 

*  This  question  has  been  fully  resolved  by  the  experimenU 
^Df  Dr.  Haighton  and  Mr.  Cruickshank.^  inserted  in  the 
Philosophical  Transadioos  for  179^* 

ingenious 
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ingenious  experiments,  intended  to  ascertain  what 
reliance  is  to  be  placed  on  the  opinion  of  Foir-» 
TANA,  John  Hunter,  and  other  pfajsiologisti^ 
who  ascribe  to  the  blood  a  particular  kind  of 
^tality,  on  which  the  narcotic  poisons,  and  opiuni 
more  especially,  have  a  very  powerful  effeSt  5  at 
the  same  time  that  they  scarcely  a6l  on  the  mu8« 
cles  and  nerves,  properly  so  called,  and  conmdered 
to  be  independent  of  the  blood  by  which  they  are 
nourished.    The  experiments  made  by  FoktanA 
in  support  of  this  opinion,  are  almost  ittnum^^ 
l^ble.' 

Our  author  made  a  very  strong  solution  ^ 
opium  in  water,  and  after  having  made  cho!Ci5>of 
two  frogs  possessing  an  equal  energy,  he  deprived 
one  of  them  of  the  whole  of  its  blood,  by  openin]^ 
the  principal  veins  and  arteries,  and  substitttt€<W 
to  this  fluid  an  injection  of  water,  to  which  he    ^' 
added  forty  drops  of  the  above-mentioned  solu-* 
tion  of  opium.     In  treating  the  other  frog,  h^    ""- 
injedted  into  its  blood,  by  the  means  of  an  inci- 
sion made  in  the  heart,  the  same  quantity  of 
opium.     The  former  of  these  animals  was  de- 
prived of  its  irritability  an  hour  sooner  than  the 
ktter,  more  than  a  day  before  which  it  ceased  to 
be  sensible  to  the  galvanic  influence.     The  ex-' 
periment  was  afterwards  diversified  in  the  follow- 
ing manner.     Two  frogs  having  been  previously 
killed,  thirteen  drops   only  of  the   solution  of 

opium 
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opium  were  substituted  to  the  blood,  in  the  case 
of  one  of  them,  and  in  that  of  the  other,  an  equal 
qualntity  was  unixed  with  the  blood  itself.  The 
instant  the  injection  was  made,  the  heart  of  each 
of  the  fcogfi  became  white,  and  lost  its  irritability. 
At  the  expiration  of  forty-eight  hours  the  former 
of  these  animals  became  nearly  insensible  to  the 
galvanic  influence,  while  the  latter  still  manifested 
powerful  contra(£tions  on  the  plate  of  zinc.  After 
seventy-two  hours  the  galvanic  contrafiions  ceased 
in  the  instance  of  the  former,  but  were  still  pow- 
erful in  the  case  of  the  latter.  Finally,  at  the 
expiration  of  ninety-six  hours  the  former  was  in 
a  state  of  putridity,  at  the  same  tin^  that  the 
1^  of  the  latter  were  still  sensible  to  the  gal- 
vanic influence. 

After  having  multiplied  these  experiments,  and 
given  them  every  variety  of  which  they  were  sus- 
ceptible. Dr.  Fowler  proceeds  to  observe,  that 
the  conclusion  drawn  by  Fontana,  fronv  his 
numerous  experiments  made  with  opium,  th:it 
the  circulalian  of  the  blood  and  kumours,  in  the 
animal  system,  is  the  vehicle  of  opium,  and  that, 
unless  for  this  circulation,  it  would  not  have  any 
aSion  on  living  bodies,  is  diametrically  opposite 
to  the  one  he  thinks  himself  warranted  to  draw 
fromi^tha  experimentis  above  cited^  His  opinion 
is  founded  on  the  following  reasons : 
i  If t^:That  the  parts  which  had  been  the  most 

powerfully 
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powerfully  a6led  on  by  the  solution  of  opiura> 
were  not  those  in  which  the  circulation  was  the 
least  disturbed^  but  those  in  which  it  had  been 
almost  entirely  intercepted. 

2dly,  On  two  limbs  in  which  the  circulatioii 
remained  equal  and  entire,  the  a6lion  of  the 
opium  was  rendered  unequal  by  the  interruption 
of  the  communication  of  the  nerves  of  one  of 
them  with  the  brain,  at  the  part  where  the  opium 
had  been  applied. 

Dr.  Fowler  brings  forward,  in  his  appendix, 
several  insulated  fa6ls  which  presented  themselves 
to  him  in  the  course  of  his  experiments,  and 
which  are  not  devoid  of  interest.    He  remarks : 

1st,  That  the  presence  of  the  skin  preserves 
for  a  long  time  the  galvanic  sensibility  of  th^ 
muscles,  when  plunged  in  water ;  and  concludes 
from  hence,  that  this  fluid  does  not  transudt^^ 
through  the  pores. 

2dly,  That  the  efFedl  of  galvanism  is  very  dif-^ 
f^rent,  when  it  is  applied  to  a  particular  nerve> 
or,  on  the  other  hand,  to  the  brain,  or  spinal 
marrow.  In  the  first  instance,  all  the  muscles  to 
which  the  nerve  is  distributed  feel  the  contrac-^ 
tions.  In  the  latter,  none  of  the  muscles-  are 
brought  to  aft,  except  those  which  derive .  their 
nerves  from  the  part  touched  in  an  immediate 
way  by  the  metals. 

3dly,  He  considered  himself  authorized  to  con-» 

clude^ 
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blude^  from  several  experiments  he  made  with  the 
,  ele(SlrophoruS)  that  the  galvanic  influence  has  no 
connexion  wiiatever  with  eledricity. 

At  the  close  of  Dr.  Fowler's  work  a  letter  is 
inserted,  from  Professor  Rob i  son,  of  the  Univer- 
sity of  Edinburgh,  which  contains  several  curious 
experiments  on  the  galvanic  influence,  nearly  the 
whole  of  them  made  on  himself.  For  instance^ 
by  applying  one  of  the  two  metallic  substances  to 
a  wound  which  he  had  accidentally  received,  and 
jlikewise  to  tlte  nerve  of  a  carious  tooth,  he  felt 
this  influence  in  a  very  sensible  manner.  He 
ibrmed  a  kind  of  galvanic  battery  with  pieces  of 
silver  and  zinc,  disposed  alternately  over  each 
other;  and  having  applied  the  side  of  this  aggre-^ 
Ration  of"  metals  to  the  tongue,  experienced  a  very 
disagreeable  sensation^  He  discovered,  by  their 
taste,  the  solders  in  gold  and  silver  trinkets.  He 
proTcd,  by  a  very  curious  experiment^  that  the 
galvanic  sensation  may  be  felt  when  the  metallic 
substances  are  [placed  at  a  certain  distance  from 
each  others  To  efie6t  this,  he  put  a  piece  of 
^nc  between  one  of  the  cheeks  and  the  gums, 
and  a  piece  of  silver  on  the  opposite  side  within 
the  other  cheek.  Having  introduced  a  rod  of 
«inc  between  the  piece  of  zinc  and  the  cheek  on 
the  one  side,  and  a  rod  of  silver  between  the  silver 
{smd  the  cheek  on  the  other,  he  afterwards  care- 
Jul^y  brought  into  contaiSt  the  extremities  of  the 

VOL.1,  M  two 
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two  rods  withoutstde  the  mouth,  and  felt  a  pow- 
trfvi  sensation  in  the  gum  s.  The  moment  befoit 
the  contaft  he  perceived  a  flash,  and  felt  tfaeMnls 
iensatioh  when  he  again  separated  the  eittremi- 
ties  of  the  rods,  as  soon  as  they  were  brought  to 
A  small  distance  from  each  other.  When  he  sto- 
tidned  the  rods,  or  wires,  in  sttdi  a  way  as  thilt 
the  silver  should  touch  the  zine,  and  vke  verd^ 
he  could  not  perceive  aay  gdvanie  tiflEeft^  He 
Was  enabled  to  produce  the  sensations  noticed 
above,  by  simply  bringing  together  the  metab 
placed  to  the  right  and  left  on  the  gums^  whidi 
he  was  cautious,  however,  not  to  press  too 
much. 

M*  HuMtBOLDT,  whose  galvanic  inquiries  tn* 
shall  have  occasion  to  notice  more  particulai^ 
hereafter,  having  found,  that  when  the  galvani!(7 
circle  was  disposed   in   the  following  manner^ 
namely,  the  nerve,   ^inc,  gold,   zinc,   and  th^ 
muscle,  no  signs  of  movement  were  manifested  ^^ 
but  that  the  movements  were  produced  theinstan^ 
the   zinc  was   moisteiied  by  the  breath  i-^^^axnM 
having  also  observed,  that  the  influence  in  qties — 
tion   furnished  a  mode  of  ascertaining,  in  anjT" 
given  substance,  the  presence  of  the  minutest^ 
quantity  of  charcoal.  Dr.  Wells,  in  his  papUr* 
on  galvanism, .  contained    in   the   Philosophical 
IVansadions  for  1795,  notices,  that  he  had  ob— 
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tained  the  same  resijdts.  The  latter,  ho\<^ver,, 
in  the  experiments  he  made,  wa$  induoed  to  limit 
to  cbarcoal  newly  ma4e^  the  faculty  qf  conduc- 
ing '  the  galvanic  influence. .  He  found  that  ^ 
single  meital^  whett  pei&dtly  pure  and  free  from 
aUoy>  w^  imcapahle  of  producing  contractions  ; 
but  that  by  gently  rubbing  one  of  its  sides  on 
tia,  silk,  wool,  iig|;i^skin,  the  palm  of  the  hand, 
sealing^-wax,  wood,  marble,  &c.  the  cohtra&ion^ 
might  he  produced.  It  should  be  noticed  here^ 
that  it  is  not  to  commpn  ele6lricity  that  these 
phenomena  are  to  be  ascribed ;  seeing  that  the 
rubbed  .metal  does  not  give  out  any  sign  of  such 
*le6lricity  when  the  most  delicate  eledlrometer? 
jjs^re  employed.  The  effe6l  is  augmented  by  hu- 
midity ;  but  this  is  not  the  case  when  the  meta^ 
is  insulated.  The  oontradlions  are  not  to  be 
produced  by  touching  the  nerve  alone  ;  but,  on 
ihe  other  hand,  it  is  necessary  that  the  nerve  and 
muscle  should  be  touched  at  the  same  time. 
The  rubbed  metal  retains  the  power  for  a  whole 
day,  even  after  having  excited  nearly  two  hun- 
dred cQntra<ftions. 

In  announcing  his  opinion  that  the  galvanic 
cffeAs  are  not  owing  to  the  ordinary  and  known 
modifications  of  eledlricity.  Dr.  Well$  appears 
tob^  notwithstanding,  of  opinion,  that  the  a<5live 
^Mdliciple  is  the.eledlric  fluid.  He  presumes  that> 
..     .  m2  by 
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by  frifVion,  the  nature  of  a  metallic  substance/ 
relatively  to  electricity,  is  changed^  and  the  equi- 
librium of  the  eletSric  fluid  disturbed^  insomudi 
that  the  metal,  rubbed  at  one  of  its  sides^  per^ 
forms  the  fuh<5lioh  of  two  different  metids.  •  He 
grounds  this  supposition  on  two  fadls,  one  of 
ivhich  Is,  that  if  the  two  sides^  or  extremities,  of 
the  metal,  are  rubbed,  the  effeft  is  considerably 
diminished,  insomuch  that,  in  such  a  case^  it 
often  happens  that  the  contra6tions  do  not  ensue. 
The  other  fa6l  whidh  he  adduces  is,  that  if  the 
nefve  atid  muscle  are  coated  with  a  metfil  diflfer- 
ing  from  the  one  which  has  been  rubbed,  when- 
ever the  latter  is  applied  to  the  coatings,  the  con- 
tra6Hons  cannot  be  produced,  either  by  touching 
the  metal Sj  or  by  separating  them. 

The  hypothesis  adopted  by  Volta  and  several' 
other  physiologists,  that  the  metallic  contadl  pro- 
duces a  change  in  the  disposition  of  the  ele6lric 
fluid,  is  combated  successfully  by  Dr.  Wells, 
who  very  shrewdly  asks  why  the  natural  moisture 
of  the  animal  does  not  admit  a  communication 
between  the  two  metals,  previously  to  their  being 
connected  by  any  other  condudlor  ?  In  the  cases 
of  the  efFe^s  produced  by  charcoal,  he  proves,  by 
several  experiments,  that  the  eledlricity  is  not 
tommunicated  to  that  substance  by  fridlion,  any 
more  than  it  is  to  metals.  He  therefore  conjec- 
tures 
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lures  that  an  incipient  oxydation,  or  some  other 
chemical  change,  must  be  induced  on  the  surface 
of  the  above  substances.  He  is  decidedly  of  opi- 
nion that  the  galvanic  phenomena  are  ele6trical, 
the  influence  being  condu<5led  by  all  the  conduce 
tprs  of  eledlricity,  and  by  no  others. 


M  3  CHAP« 
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CHAP.  vii. 


irrttahiliiy  of  the  vegetable  fihre-^On  animal 
heat  and  vitality — DistinSlion  between  irritafir 
litv  and  sensibility. 


lity  and  sensibility. 


BEFORE  the  reader  enters  further  into  the 
history  of  gah^anism,  it  appears  necessary^  to  give 
him  a  more  correA  and  clear  idea  of  its  nature, 
to  devote  a  particular  chapter  to  the  subje6ls  aiir 
nounced  above.  As  a  proof  that  they  contrir 
bute  essentially  to  the  right  pomprehension  of 
the  galvanic  phenomena,  it  is  certain  that  almost 
all  the  writers  who  have  treated  this  subjeA, 
have  dwelt  on  them  with  more  or  less  earnest *- 
ness. 

In  the  course  of  his  experiments  made  in  th^ 
winter  of  the  year  1793,  M.Humboldt  fell  or:^ 
a  discovery  relative  to  the  irritability  of  the  vege — 
table  fibre.     This   discovery  he  followed  up  sc^ 
successfully,  as  to  be  enabled,  on  his  return  from^ 
Geneva  to  Germany,  to  apply  it  to  the  animal 
organization,  and  to  illustrate  it  by  several  inte-, 
resting   details.     The   surprizing  efFe6ls  of  the 
metallic  oxydes,  of  the  vital  gas,  and  of  water 
even,   on    animated   matter,  together  with  the 
great  phenomenon  of  respiration,  and,  more  par- 
ticularly 


ticalarly  the  very  ingenious  ideafi  dev^Ipped  by, 
M.  GiRTANNBR  on  the  subjeiSi  of  oxygen,  Ppn^<^ 
dered  as  the  principle  of  the  irritability  pf  all  pfi- 
ganijz^ed  matter:  these  different  consideratioi^ 
induced  M.  Humboldt  to  make  inquiries  df|t(^  ^, 
substance  with  which  the  oxygen  would  b^  sp 
feebly  united^  as  to  be  disengaged  from  it  with. 
£aicility.  He  was  persuaded  that  a  substance  of 
this  nature  would  lead  hiin  to  experiments  of  in^ 
finite  utility,  and  would  enable  him  to  ^gmentj, 
in  a  perceptible  way,  the  irritability  q£  the  ani- 
mated fibre.  His  earliest,  choipe  fell  pn  the 
oxygenated  muriatic  acid  gas^  mixed  with  w^ter. 
The  bases  of  the  above  fluid  display  sp  feeble  ^ 
reciprocal  a6lion  to  each  other,  that  th^  o:^ygef!iL 
is  disengaged  by  the  mere  stjimuljos  of  light. 

The  attention  of  M.  Humboldt  was,  p  the 
first  instance,  dire<fted  to  the  v^get^ble  fibre ;  but 
the  striking  analogy  which  sub^^ts  between  tb# 
two  kingdoms  of  organized  nature,  and  th<3 
opimon  he  entertained  that  the  gmscular  fibr^  i3 
the  same  both  in  animal  and  v^^able  substances^ 
stimulated  him  to  dire^  his  experiin^ts  to  the 
former.  Having  be^n  for  a  long  tiipe  engaged 
in  noticing  the  phenomena  of  galyenism,  he  per-p 
ceiyied  in  them  an  excellent  mode  of  ascertaining 
the  degree  of  irritability  inherent  in  an  animal. 
He  took  the  thigh  of  a  frog  (rana  e^cubnta  LJ 
^  jcnural  XMSsrye  pf  which  had  been  anned  with 

M  4  ^incj 
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zinc,  and  irritated  by  a  condu6lor  of  silver.  The 
limbs  had  been  so  much  fatigued  for  the  space  o^ 
three  hours,  that  the  slightest  movements  only 
were  perceptible.  It  was  altogether  free  froni 
contractions ;  insomuch  that  gold  and  zinc^  wliich 
are  considered  as  the  most  aftive  metals,  merely 
produced  a  feeble  movement  in  the  gemellus 
muscle.  This  animal's  leg  therefore  appeared  to 
M.  Humboldt  to  be  extremely  well  calculated 
for  decisive  experiments. 

He  accordingly  moistened  the  crural  nerve  with- 
water  strongly  impregnated  with  the  oxygenated 
muriatic,  acid,  and,  having  laid  the  limb  on  zinc, 
touched  the  above  nerve,  and  the  muscles,  with  a 
condu6lor  of  silver*  He  was,  as  must  necessarily 
be  supposed^  not  a  little  surprized  when  he  per- 
ceived that  the  leg  of  the  frog,  exhausted  as  it 
had  been  by  the  preceding  operations,  displayed 
spasmodic  contractions  from  one  extremity  to 
the  other,  and  became  so  violently  convulsed  as 
to  throw  itself  from  off  the  zinc.  He  instantly 
had  recourse  to  comparative  experiments,  which 
he  properly  considers  as  the  only  bulwark  which 
can  guard  the  naturalist  from  falling  into  error. 
He  took  three  thighs  of  frogs  (rana  temporaria  L.) 
which  had  been  galvanised  for  the  space  of  four 
hours,  and  the  irritability  of  which  was  extremely 
weak.  He  placed  the  crural  nerves  of  these  ani- 
mals in  three  vessels  filled,  two  of  them  with  pure 

water, 
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Water^  and  the  third  with  the  oxygenated  muri« 
atic  acid.  The  results  of  these  experiments, 
which  were  frequently  repeated,  were  as  follows ; 
In  the  former  of  the  nerves,  movements  were 
excited  somewhat  more  powerfully  than  before. 
The  second  became  almost  insensible  to  gaU 
vanism.  But  the  faculty  of  production  was  sur-t 
prizingly  augmented  in  the  third,  which  dis- 
played such  violent  muscular  contractions,  that 
the  spectators  might  have  supposed  the  animal  to 
have  been  I'ecently  killed,  and  in  the  enjoyment 
pf  all  its  natural  vigour, 

TJbis  experiment  proves,  that  the  oxygenated 
xnuriatic  acid  aCts  on  the  nervous  fibre  merely  by 
libe  means  of  the  oxygen  it  disengages.  The  in- 
Ciiease  (?f  irr,i^ability  induced  by  this  acid,  does  not 
last  fo;*  /npre  than  from  five  to  eight  minutes,  at 
the  end  9^  ,wl^ch  lapse  of  time  the  muscular  force 
becomes  Jess  than  before  the  humeCtation.  The 
oxygenated  muriatic  acid  appears  at  length  to 
Jiave  been  ^Qonverted  into  the  common  muriatic 
acid^  which  is  highly  destructive  of  irritability. 
The  pbseryer  might,  at  a  first  view,  be  led  to 
^hink  that  the  debility  which  follows  is  the  efFeCl 
pf  excessive  irritation,  or,  in  other  words,  that  it 
is  what  is  called  by  Dr.  Brown,  indireSi  debility. 
This  is  not^  however,  the  case,  since,  as  soon  as 
the  nerve  in  question  is  again  moistened  with 
the  oxygenated  muriatic  acid,  it  will  excite  pow- 
erful 
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erful  mu9(^ular  oontra^iians  the  instant  it  it 
coated  with  heterogeneous  metals.  Now,  it 
would  be  impossible  to  remove  an  \ndvre&:  debu 
lity  by  sthenic  remedies.  It  would  appear^  <m 
the  other  hand,  that  this  fresh  hdmediation  aug- 
ments the  irritability  in  no  other  way  than  hf 
restoring  to  the  organ  a  new  portion  of  oxygen. 

According  to  Humboldt,   the  efFeA  of  the 
oxygenated  muriatic  acid  on  the  heart,  prodaces 
k  very  singular  phenomenon.    He  made  an  ex* 
periment  on  the  heart  of  a  frog  which  had  ceased 
to  palpitate.     The  irritability  of  this  viscus  Was 
annihilated  to   such  a  degree,   that  mechanical 
Himuli  no  longer  produced  in  it  any  movement. 
H6  todk  it  between  his  forceps,  and  threw  k  into 
a  glass  filled  with  the  common  muriatic  acid ; 
but  in  this  state  it  did  not  manifest  any  sign  of 
irritation.     Scarcely,  however,  had  he  thrown  it 
into  the  oxygenated  muriatic  acid,  when  it  began 
to  palpitate,  until  at  length  the  palpitations  were 
augmented  in  a  very  powerful  degreed     Having 
laid  it  on  a  board,  the  movements,  which  conti- 
nued for  the  space  of  five  or  six  minutes,  gradu- 
ally ceased;  but  were  again   re-produced  by  a 
fresh  hume(9:ation  with  the  oxygenated  muriatic 
acid. 

The   following  is  another   experiment  which 
M.  Humboldt   never   found   to   fail.     Having 
kepjt  the  leg  of  a  frog  in  a  solution  of  opium  fa^ 

th 
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ihe  sp6ce  of  twelve  minutes^  at  the  end  of  which 
time  its  irritability  was  so  co{nt>leteIy  destroyed^ 
that  galtanism  was  incapable  of  producing  in  it 
any  tnovement,  he  bad  recoui-se  to  very  strong 
inurisitic  acid,  arid  hiving  washed  the  limb  with 
it,  in  two  minutes  the  irritability  of  the  fibre  wai 
restored,  and  very  powerful.  contradWons  pro* 
duced  in  the  muscles.  This  experiment,  when 
repeated  on  mice,  was  attended  by  a  siirtilar  re- 
sult. Animals  with  hot  blood  are  not  less  sen- 
sible to  the  effedls  of  Oxygen  than  cold-blooded 
lihimals. 

The  phenomenon  of  the  conversion  of  oxygen- 
ated muriatic  acid  into  simple  muriatic  acid,  as 
well  by  the  vegetable  as  by  the  animal  fibre, 
evinces,  more  strongly  than  any  other  phenome- 
non, the  following  fa6ls. 

1st,  That  the  augmentation  of  irritability  is  the 
result  of  a  nice  combination  of  the  oxygen  with 
the  animal  organs. 

2dly,  That,  however  different  the  elements  of 
the  animal  fibre,  and  those  of  the  vegetable  fibre, 
may  appear  to  be,  both  of  them  follow,  notwith- 
standing, the  same  affinities,  and  are  excit:ied  by 
the  same  stimulus  of  the  oxygen.. 

3dly,  That  the  chemical  process  of  vitality  is  a 
process  of  slight  combustion  ;  and  that,  as  was 
very  justly  observed  by  M.  Reil,  a  learned 
physiologist  of  Halle,   in  a  letter  addressed  to 

M.  Hum- 
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M.  Humboldt,  the  combustibility  of  a  dead 
substance  resembles  the  irritability  of  Organized 
matter,  each  of  them  depending  on  their  affinity 
with  oxygen,  and  both  of  them  producing  a  ^ 
engagement  of  caloric.  In  expatiating  on  this 
subjedt,  M*  Humboldt  gives  it  as  his  opinion, 
that  the  oxygenated  muriatic  acid,  neutralized  by 
soda  or  potash,  would  furnish  a  very  interesting 
pbjed  to  pharmacy. 

An  inquiry  into  animal  heat,  and  its  different 
relations,  followed  by  a  new  explanation. of  tb^ 
calorific  phenomena,  and  an  investigation  .of  th? 
opinions  of  different  modern  authors  on  that 
subjedl,  has  been  lately  published.  The  follow- 
ing is  a  concise  analysis  of  this  work,  the  ptOr 
ducSlion  of  jM.  JossE,  of  Rennes*. 

This  author,  afler  having  examined  what^ought 
to  be  understood  by  light  and  caloric,  lays  down 
the  principles  of  the  new  system  he  has  adopted 
relative  to  the  latter,  and  its  different  modes  of 
adlion.  According  to  this  system,  he  considers 
caloric  to  exist  in  all  bodies,  and  to  be  constantly 
in  the  states  of  combination  and  non-combina- 


■*  For  a  more  perfeft  understanding  of  this  and  the  othet 
subjefts  treated  in  the  present  chapter,  reference  may  be  ha^ 
by  the  reader  to  the  authors  who  will  be  occasionally  cited,  aa^ 
the  analyses  of  whose  works  would  carry  us  beyond  our  nece^" 
sary  and  prescribed  limils. 

tior- 
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tion.  In  the  former  of  these  states  it  is  latent 
and  insensible,  without  any  influence  on  the  tem- 
perature of  bodies,  but  governing  entirely  their 
more  or  less  solid  fluid,  or  gaseous  state.  In 
the  latter  state  it  is  found  between  the  particles 
of  matter,  and  is  consequently  free  in  their  inter* 
stices,  as  well  as  sensible  and  thermometricd, 
contributing  nothing  to 'the  solidity^  fluidity,  or 
gaseity,  of  bodies,  but  having  an  entire  influence 
on  their  temperature.  The  conclusion  he  draws 
irom  hence  is,  that  solids  do  not  become  liquids 
or  gaseous  fluids,  unless  by  the  quantity  of  osdorie 
combined  in  them  ;  and  that,  consequently,  a 
sensation  of  cold>  is  occasioned  by  the  passage  of 
free  caloric,  in  the  combination  in  which  it  re- 
mains latent ;  at  the  same  time  that,  by  an  in- 
verted mode  of  reasoning,  the  passage  from  a 
fluid  to  a  solid  state  is  merely  due  to  the  succes- 
iive  lo^  of  caloric,  which,  in  quitting  the  mixed 
state,  and  entering  into  that  of  combination,  be*- 
comes  latent.  A  loss  of  such  a  nature  must  ne^ 
cessarily  produce  heat^  by  the  liberation  of  th^ 
combined  calorie. 

In  applying  these  general  principles  to  anima^ 
Hty,  our  author  demonstrates,  with  considerable 
ingenuity,  the  mode  in  which  heat  ought  neces- 
sarily to  be  produced  in  animals.  He  examines 
its  relations  with  the  digestion,  as  well  as  with 
nutrition ;  and^  in  a  physiological  discussion  oa 
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the  blood  and  respiration,  eodeairours  to  refute 
the  genemlly  rtceived  o|ttnion  relative  to  die  dist 
faydrogtmation  and  decarbonation  of  the  blood  iv 
the  lungs*  His  aim  is  to  prove  that  the  water 
and  carbonic  .acid^  the  existence  of  whidi  bat 
been  ascertained  in  expiration,  do  not  arise  fron 
tfae  aboqre.ohaiiges  and  modificatioBa  of  the  UmI 
in  the  lungs,  hut,  on  the*  other  hai^d,  from  die 
pnlmonary  transpiration  resulting  from  the  ceo 
^letion  of  the  functions  x>f  those  orgazis.  * 

After  having  specified  what  these  fungous 
really  siPt,  our  author  considers  the  influ^ice  of 
the  difierent  temperatures  on  animated  beings^ 
And  the  effects  which  resuk^from  them  l^the 
fiSiiQn  of  csiloric  on  the  substance  of  fat,  ceia-' 
tively  to  nutrition  and  transpiration.  In  the  lat- 
ter part  of  his  work  he  gives  new  demonstrations 
of  his  theory,  discussing,  at  the  same  time,  the 
opinions  of  Blumenbach,  Erisson,  and  Poub/- 
CKOY.  The  consequences  he  draws  from  the 
principles  he  lays  down,  are  extremely  useful  to 
him  in  the  explanation  of  several  of  the  pheno-* 
mena  which  have  occupied  the  researches  of  so 
many  physiologists. 

It  will  here  be  proper  to  introduce  a  few  re-^ 
ifie6lionB  on  muscular  contra6lion,  and  on  the 
distinction  between  irritability  and  sensibility. 

It  is  certain  that  the  contrad:ion  of  the  muscles 

does  not  arise  from  a  mechanical  cause.     The 

•    - .  augmen- 
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mugmentation  of  the  cohesive  force,   and  the 
greater  durity  of  the  miiscles,  when  contmAad^ 
appear  to  leave  no  doubt  oin  that  head.    The 
causes  of  the  cbntra«5tion  may  be  divided  intd 
external  and  kitemal ;  and  may  be  denomin^ed 
rfe6tive  or  habitual  sftifrmliy  which  the  nerves  dis- 
tributed in  the  muscles  obey,  without  being  on 
that  account  the  aole  principles  of  vitality,    Thia 
is  evidenced  by  the  monsters  which  have  a  living 
^existence,  although  born  without  a  brain,  and 
without  nerves*.     Now,  does  not  the  existence 
of  amrnals  without  these  parts,  evidently  prove 
4hat  ihere  is  a  principle  of  life  distintft  from  the 
nervous  principle,  and  totally  independent  of  the 
Knsation,  and  of  the  perception  of  sentiment  ? 
Hallee  was  the  first  physiologist  by  whom  ani- 
mals of  this  description  were  noticed ;  and  their 
very  peculiar  organization  has  been  since  ex- 
plained by  John  Hunter*    The  latter  has,  in- 
*dced^  manifested  an  opinion,  that  the  stomach  is 
a  centre,  or  seat  of  life,  more  essential  than  the 
brain. 


^  See  a  Latin  dissertation  by  Dr.  Lud.  Roger^  published 
in  17^9  entitled^— Specimen  physjologicuro^  de  perpetu^  fibrai- 
nim  muscolariom  palpitatione^  novum  phenomenura^  in  cor- 
pore  humane^  experientiis  dete6tum  et  demonstratum.— Got- 

What 
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What  is>  at  the  leasts  certain  on  this  hesA,  U^ 
jthat  life  may  be  extinguished  in  an  immediaU 
way^  and  more  completely^  by  a  powerful  percuS'^ 
cion  on  the  stomachy  than  by  a  similar  one  on 
any  other  part  of  the  body**  It  is  besides  well 
known,  that  the  muscular  fibres  of  animals  e&« 
dowed  with  a  nervous  system,  preserve  their  irri* 
stability  for  a  considerable  time  after  they  have 
been  separated  from  the  brain  and  nerves*  Jht 
phenomena  of  vegation  have  made  it  equally  evi- 
dent, that  irritability  may  exist  in  nature  without 
sensation,  witl^out  perception,  and  without  any 
suspicion  of  the  existence  of  a  nervous  system« 


^ 


*  When  the  percussion  is  followed  by  such  an  efTed,  ought 
It  to  be  entirely  ascribed  to  the  percussed  stomach,  when  it  is 
considered  that  this  viscus  is  susceptible  of  a  displacement  lii 
the  abdomen,  and  that,  before  it  can  be  reached  by  the  percui- 
sion,  the  latter  must  have  operated  powerfully,  both  on  the  id* 
teguments/  and  on  the  muscles  by  which  the  stomach  is  co* 
vered  ?  When,  in  this  region,  the  percussion  goes  so  far  as  to 
extinguish  life,  is  it  not  rather  because  its  a6kion  is  direfted  to 
the  nervous  centre  of  the  diaphragm,  the  sensibility  of  whict 
is  so  great,  that  the  smallest  excitement,  from  whatever  cause 
it  may  arise,  agitates  and  deranges  it,  producing  a  difficulty  of 
respirajdon  }  It  is  true  that,  under  these  circumstances,  the  dis« 
turbed  state  of  the  respiration  is  moraentaneous  i  were  it,  how- 
ever, to  be  continued  for  a  sufficient  length  of  time,  it  would  be 
capable  of  extinguishing  life.  This  is  unquestionably  the  reason 
why  several  philosophers  have  assigned  to  the  nerrOtts  ccntrt 
pf  th^  diaphr^gni  the  seat  of  the  soul. 

The 
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rrhe  perceptible  movements  of  the  sensitive  plant 
are  a  proof  of  this,  aaare  also,  more  particularly, 
the  movements  which  must  necessarily  take  place 
'in  plants  of  every  description,  in  the  progress  of 
%hetr  developement.  Seeing  that  the  growth  of 
^e  solids  cannot  be  accounted  for  by  the  circu- 
latioo  of  the  sap  which  distributes  the  nourish- 
llientj  it  is  necessary  to  have  recourse  to  some 
lodler  power,  which  may  a&:  by  laws  different 
ifrom  those  of  dead  matter.  In  favour  of  this 
•pinion  it  ought,  mweover,  to  be  observed,  that 
tte  animals  deprived  of  the  brain  and  nerves,  are 
ef  the  class  of  vermes,  the  most  simple  in  nature; 
tend  that  they  have  but  one  sole  function,  that  of 
Msimilation  : — a  function  which  does  not  require 
ijhe  variety  of  adtion,  and  peculiar  perceptions, 
fiecessary  to  animals  of  a  more  complicated  orga- 
^lization. 

I  The  state  of  the  egg,  before  incubation,  and 
Jiie  condition  of  the  animals,  which,  having  been 
iferown  into  a  torpid  state  by  the  cold,  afterwards 
jrecover  their  vitality,  present  us  with  fadls  favour- 
|A)le  to  this  opinion,  insomuch  as  they  prove,  that 
there  is  a  certain  innate  vital  principle  of  conser- 
iration,  independent,  not  only  of  the  operation  of 
i^ie  nervous  system,  but  even  of  the  circulation. 
Jt  should  be  observed  that,  in  this  state  of  repose, 
^e  above  portions  of  animal  matter  are  preserved 
piuch  longa-  from  corruption,  than  they  would 
t,  VOL..I.  N  be 
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be  without  this  conservatory  princi^e ;  and  tb^t 
their  fluids  are  8ecure4  from  congel^tion^y  iRidbr 
the  circumstances  o^a  degree  of  oold  \i$|^ich  WHiM 
have  converted  them  inta  ice,  bad  they  bfmi  de- 
prived of  every  principle  of  life.  L^  it  i)e  ttotk^l 
here,  that,  in  addition  to  muscular  i^it^ii^, 
the  priwdipal  powers  of  simple  life,  if  nql  ijb^ 
o^y  ones^  consist  of  the  assiosilatien  of  th^  ili- 
ments,  and  of  the  faculty  which,  in  living  h^^if^ 
ft^eperves  them  from.  putre&6lian. 

After  reasoning  has  been  ein^plpyed^  eKptri^K)^ 
l^r^^ents  itself,  to  prove  cteady  that  vitsJity  is  ia- 
<fepei3t(^nt  of  the  nervous  power.  Whea  tkr 
teujai  of  a  nerve  has  been  divided,  the  limli  of 
whioh  it  constituted  a  part,  althoHgh  depcnMsdc^ 
every  sensation,  and  of  every  voluntairy  motioa, 
continues,  notwithstanding,  to  be  exempt  froBi 
spontaneous  putrefa^ion,  and  still  preserve  it* 
Iie^t  for  a  long  time.  The  only  apparent  and 
visible  change  it  undergoes  from  the  separatkiSjt 
is  the  atrophy  into  which  it  falls  some  time  aik*. 

To  go  still  further,  and  demonstrate  that  tkcre 
are  circnmstances  which  seem  to  prove,  not  only 
that  the  nervous  system  is  merely  appendant  to 
life,  but  also  that  it  tends  to  prevent  the  opctsh 
tions  resulting  from  it,  and  to  abridge  its  exist- 
ence. It  is,  in  the  'frrst  place,  a  certain  an4  ac- 
knowledged faft,  that  simple  life  survives  sensa- 
tion much  longer^  if  the  death  of  an  animal  is 

brought 
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brought  iiboat  by  the  destru6lion  of  the  nervous 
system,  than  if  it  sinks  under  hemorrhagy,  sul- 
focation^  or  any  other  violence.  Another  curious 
iaid  wdl-^tablished  fa6t  is,  that  vtrhen  a  fish,  in* 
;llltiitly  after  being  taken  out  of  the  Water,  is 
killed  by  a  violent  blow  on  the  head,  by  which 
the  dcuU  is  fraftured,  the  irritability  and  flexibi- 
lity of  the  muscles  are  preserved  niuch  longer 
than  they  would  have  been,  if  it  had  been  allowed 
to  die  with  the  organs  of  sensation  in  an  entire 
0tate.  So  very  sensible  are  the  fishermen  of  this, 
that  they  have  recourse  to  the  above  pradlicc, 
ygnth  a  view  to  render  the  fishes  they  catch,  sus- 
ceptible for  a  longer  time  to  the  operation  called 
crimping.  Salmon  is  one  of  the  fishes  the  least 
tenacious  of  Kfe,  insomuch  that,  after  having 
been  taken  out  of  the  water,  it  will  cease,  in  less 
than  half  an  hour,  to  manifest  any  sign  of  vita- 
lily,  provided  it  be  not  exposed  to  any  violence. 
But  if,  on  the  other  hand,  it  receives,  as  soon  ss 
it  is  caught,  a  violent  blow  on  the  head,  the 
imiscles  wiH  continue,  for  the  space  of  more  than 
twelve  hours,  to  exhibit  visible  signs  of  irrita- 
bHfty.  V 

In  the  majority  of  animals  with  hot  blood,  a 
phenomenon  has  been  remarjk.ed  which  seems  to 
tlepend  on  the  same  principle.  It  has  been  proved 
that  a  violet  eaiertion  of  the  v^kmtary  liiove- 
nents^viaxmediatdy  before  deaih^  prevents  the 

N  2  muscles^ 
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muscles,  as  soon  as  they  are  cold,  from  becoming 
stiff,  and  augments  their  tendency  to  putrefac* 
tion.  Thus,  in  the  case  of  an  ox  being  slav^- 
tered  after  having  been  exhausted  by  fatigv;^ 
the  limbs,  in  proportion  as  they  become  oAd^ 
will  not  be  stifFened,  and  the  flesh  of  an  animal, 
under  these  circumstances,  cannot  be  preserved 
by  the  means  of  salt.  The  faAs  which  have  been 
thus  stated,  are,  however,  liable  to  contain  modi- 
fications. 

In  confirmation  of  the  principle  which  has  been 
established,  it  ought  to  be  observed  that,  in  oer* 
tain  diseases  which  ofRxA  humanity,  there  is  a 
S3rmptom  which  proves  that  the  digestion^  one 
of  the  principal  funftions  of  simple  life,  or  ani- 
mality,  is  sometimes  better  performed  than  here- 
tofore, after  the  brain  has  received  particular  in- 
juries. It  has  also  been  remarked,  that  in  cer- 
tain diseases,  such  as  the  hydrocephalus,  and 
the  apopledlic  paralysis,  in  which  the  exercise  of 
the  senses  is  in  a  great  measure  suspended  er 
destroyed,  it  frequently  happens  that  the  appetite 
and  digestion  are  better  than  in  health. 

From  these  fadls,  we  may  conclude  with  Mn 
John  Hunter,  that  the  exercise  of  the  sensa- 
tions is,  in  general,  injurious  to  life,  seeing  that 
it  is  accompanied  by  a  kind  of  fatigue ;  and  that 
this  is  also  the  case  with  voluntary  motion  :— in- 
somuch, that  the  whole  of  the  correspondence 

which 
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which  is  kept  up  by  the  medium  of  the  nerves, 
whether  the  communication  be  made  to  the 
brmn,  as  in  the  case  of  the  sensations,  or  ema- 
nates from  the  brain,  as  in  the  case  of  the  vo- 
luntary a6ls,  contributes  to  exhaust  the  animal 
forces.  As  an  internal  and  long-continued  re- 
flection, although  it  may  not  be  followed  by  any 
external  a&y  tends  to  produce  an  inaptitude  for 
any  other  exercise,  it  would  appear  that  the 
l>rain,  or  sensorium  commune^  as  it  has  been 
called,  is  the  organ  more  especially  subjedl  to 
the  kind  of  suffering  denominated  fatigue.  One 
of  the  inferences  which  may  be  drawn  from  these 
fa6ls,  is  the  necessity  of  sleep,  which  consists  in 
a  momentaneous  suspension  of  the  sensations, 
volition,  and  thought.  It  is  a  resource  resorted 
to  by  Nature,  to  enable  the  powers  of  life  to  re- 
establish themselves,  after  the  vital  energies  have 
been  exhausted  by  fatigue. 

At  a  time  when  so  successful  a  progress  has 
been  made,  in  the  discovery  of  the  real  principle 
of  irritability,  it  is  of  some  importance  to  explain 
the  properties  of  this  faculty  of  living  bodies,  and 
to  distinguish  it  from  sensibility.  Irritability  is 
the  property  by  which  a  muscular  part  contradts, 
when  irritated.  Sensibility  is  the  quality  by  which 
•a  body  receives  sensations.  The  nerve  does  not 
contrail  when  it  feels,  and  a  muscle  does  not 
jJways  feel  when  it  cpntrads.     Spasm  is  an  ex*« 

N  3  cess 


JM  SUE  ON  THK  VITAI.  fKHUlPLE. 

cess  of  sensibility^  and  atony  its  d&hSiwe  stati: 
Eretism^  or  the  yiolent  teoaion  of  the  fttMre^  n 
the  exfcess.  of  irritability,  and  relaxatibiiiit^  es« 
haustad  state.  Far  from  irritability  and  aeilii* 
liiHty  being  one  and  the  same  6icuhy,  it  has  bwi 
demonstrated  that,  in  living  bodies,  the  inereMi 
of  the  one  is  almost  invariably  attended,  by  tlM 
destrudlion  of  the  other.  It  has  been  pranaied 
that  irritability  exists  in  several  living  ffauda ;  and 
to  this  cause  has  been  ascribed  the  congelatioB  of 
the  blood,  of  the  white  of  an  egg,  and  of  I^rinfth. 
Ta  the  destruflfion  of  irritability,  in  living  f&M&, 
by  a  powerful  excitation,  the  putrefa6lic»  whicii 
is  manifested,  on  the  introdudtion  of  a  very  aerid 
substance,  has  been  ascribed. 

The  following  researches  on  vitality,  accom^ 
panied  by  several  galvanic  experiments  by  M, 
Sue,  of  the  Faculty  of  Medicine  of  Paris,  arc 
illustrative  of  the  subjeds  already  treated  in  the 
present  chapter. 

In  speaking  of  the  discoveries  relative  to  the 
nerves,  this  author  observes,  that  the  efforts 
hitherto  made  have  afforded  but  little  informa- 
tion respecting  the  nature  of  the  nervous  fluid ; 
insomuch,  that  it  has  not  been  ascertained  whether 
this  substance,  by  which  the  nerves  appear  to  be 
filled,  possesses  a  circulatory  movement.  He 
brings  forward  several  observations,  to  prove  that 
the  brain  is  not  invariably  the  seat  of  sensation, 

which 
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wbicli  must  (nkisetiuently  exist  ebewhere  in  ani- 
imiU  bom  with^Dut  ttmt  viscus^  as  \;^11  as  in  titoae 
ift  t^ch  an  dsst^kssition  has  taken  place*  Froih 
tb^  ilcrmtiierfete  expaenments  of  Font  ana  it  wooM 
n^^^fit  ibal>  under  these  circnmstxixces^  the  s^sir 


nation  must  be  seated  in  the  spinal  marrow ; 
^fhhovit  this  supposition,  it  \is^aoixi  be  impossible 
tti-e^pMin  the  phenomena  of  vitality  and  sensi** 
biiity,  noticed  in  animals  born  without  the  braiiife* 
.  It  his  been  proved  by  several  experiments  made 
hf  id.  &oit^  with  a  view  to  ascertain  what  h^^ 
p^UiS  to  o^^tain  particular  animals  after  the  hesiA 
h«  been  ttit  off,  that  the  nerves  are  eisdised  wiflu 
A  kind  of  a^iion^  which  continties  for  a  long  timne 
lifter  tbe  ptrt«  to  which  tfa^  b^ong  have  bedn 
i^^raited  from  the  body;  and  that,  aft^r  th& 
iK^aration,  the  movements  of  the  parts  in  quesr 
tion  may  be  animated  in  tbs  most  sensible  way» 
Tiiii  |ff operty  renders  organized  bodies  very  dif- 
ferent from  machines,  to  which  they  haVe  been 
inb  bftto  compared.  Our  anthor  demonstrator 
that  the  strtiAnre  of  the  organs  essential  to  Hfc{, 
c¥  ocmstitating  vitality  in  certain  animals,  have 
b^iin  very  improperly  considered  as  belonging  to 
sS:;  seeing  that  the  polypi ^  and  several  other  ani- 
mals, do  not  perish,  notwithstanding  they  havfe 
been  i^bjedted  to  certain  operations  and  divi- 
sions*, which,  in  other  animals,  are  attended  by 
^e  destru(^i6n  6f  life.    The  simple  mode  of  the 

N  4  re-pro-»» 
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re-produ£iion  of  the  polypus^  he  observes^  tki^ws 
.a  greater  light  on  the  variety  of  means  employed 
by  Nature^  and  on  her  resources  in  the  organiza- 
tion  of  living  matter^  than  a  multitude  of  iso- 
lated reasonings^  which  are  not  founded  on  ob- 
servation. 

:  The  experiments  of  M.  Sue  were  made  cm 
Afferent  animals,  with  a  view  to  ascertain  the 
duration  of  the  vital  power  in  the  nerves  an4 
muscular  fibres,  whether  it  results  from  sjponta- 
^eous  efFedts,  or  from  excitements  produced  by 
the  cohtadi  of  metallic  substances.  These  expe- 
riments were  made  on  various  animals  of  diffe- 
rent sizes,  by  the  separation  of  the  head  from 
the  body.  In  all  of  them  vitality  was  prolonged, 
for  a  longer  or  shorter  duration  of  time,  after  the 
separation  had  taken  place.  The  head  and  the 
different  parts  of  the  body,  more  particularly  the 
heart,  still  preserved  their  movements ;  and  the 
irritated  muscles  manifested  contra6lions  in  a 
greater  or  less  degree,  and  convulsive  motion^ 
proportionally  violent.  The  decollation  of  two 
calves  was  attended  by  very  singular  phenomena. 
Several  of  the  experiments  had  for  their  ob- 
jedl,  the  demonstration  of  the  efFe6ls  of  galva- 
nism. A  small  frog  having  been  immerjsed  in 
the  muriatic  acid  gas,  appeared  to  be  dead  at  the 
expiration  of  a  second  of  time ;  but  on  being 
taken  out  of  the  gas,  and  thrown  into  water,  in- 

stantly 
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standy  began  to  move.  This  demonstrates  the 
influence  of  the  muriatic  acid  on  the  respiration 
of  the  animal.  The  same  frog,  after  its  move- 
ments had  ceased,  having  been  thrown  into 
oxygen  gas,  and  kept  in  it  for  the  space  of  twQ 
minutes,  did  not  manifest  any  faculty  of  motion* 
An  excitement  having  been  produced  on  th^ 
crural  nerve  of  the  right  extremity,  by  the  means 
of  a  silver  thread  passed  under  the  nerve,  and 
brought  in  conta6t  with  zinc,  movements  were 
gradually  perceptible,  in  the  first  instance  through- 
put the  length  of  the  extremity,  and  afterwards 
in  every  part  of  the  frog  on  that  side.  These 
movements,  which  were  invariably  on  the  sam^ 
side,  were  augmented  in  the  upper  extremity,  by 
changing  the  disposition  t)f  the  coating,  and 
placing  it  towards  the  middle  and  anterior  region 
of  the  spinal  marrow,  &c.  &c. 

This  experiment  having  been  repeated  on  se- 
veral animals,  sometimes  towards  the  middle  re- 
gion of  the  nerves,  and  at  others  towards  their 
extremities,  the  movements  were  invariably  more 
violent  when  the  points  of  the  coating  were  placed 
at  the  extremities.  This  fadl  is  in  favour  of  the 
opinion  of  Valli,  who  presumes,  that  the  sensi- 
bility is  augmented  in  pi:oportion  as  the  excite- 
ments are  brought  towards  the  extremities  of  the 
nerves ;  and  diminished  when  a  contrary  direc- 
tion is  given  to  them. 

The  crural  nerv6  of  a  frog  having  been  bound, 

as 
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a»  well  at  its  origin  as  at  its  extfemiiy^  by  8  Very 
fine  waxed  thread,  and  an  eJecitement  established 
between  the  two  ligatures,  by  the  meftiis  of  silvir 
ttad  zinc,  powerful  movements  were  excttcsd  ill 
all  the  parts  of  the  extremity.  A  proof  wM  thus 
•«fctained>  that  the  ligatures  do  not  prevent  the 
•Sioft  of  the  metallic  current. 

Several  phenomena,  equally  singular  in  th^ 
nature,  were  noticed  in  a  frog  divided  trins^ 
▼ersely  in  three  parts ;  and  in  another  fro^,  di- 
i4ded  in  the  same  dire^liem,  between  the  lowtr 
part  of  the  lumbar  region,  and  the  upper  part  fli 
the  sacral.  In  two  of  the  experiments,  a  esttp 
and  an  eel  were  divided  vertically  ;  and,  aa  soon 
as.  each  of  the  divisions  had  been  excited  \rf  eoM- 
ings  similar  to  those*  which  had  been  employed 
in  the  transverse  section  of  the  frog,  the  nK>ve- 
ments  became  very  violent,  and  were  of  a  consi- 
derable duration.  After  a  transverse  se6lion,  in  the 
first  instance  of  two  portions,  and  afterwards  of 
three,  of  two  fishes  of  the  above  descriptions,  the 
trunk  of  the  head  of  the  carp  continued  to  moveand 
cohtradl  for  the  space  of  an  hour  and  a  half,  without 
any  excitement ;  and  the  head  of  the  eel,  during 
three  quarters  of  an  hour.  The  slices  of  the 
body  of  each  of  them  preserved  their  movements 
during  twenty  minutes  ;  and  those  of  the  tail, 
more  than  half  an  hour.  These  different  move- 
ments were  excited  at  intervals  ;  and  the  vital 
pothers  were  constantly  renewed  by  the  processes 

of 
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of  galvanism.     Three  hours  after  the  excitement^ 
its  effects  were  still  visible. 

Our  author  regrets  that  he  had  not  time  to 
make  a  particular  experiment,  namely,  to  esta- 
Wish  a  battery  of  the  nerves  of  living  antinalg,  of 
tke  same  species,  pretty  nearly  of  the  same  size, 
and  having  the  parts  in  question  as  mvich  as  pos- 
sible of  the  same  volume.  Beneath  these  nerves 
it  was  his  intention  to  have  placed  a  coating  of 
lead  or  tin^  to  be  brought  in  contact  with  zinc, 
so  as  to  ascertaia  whether  a  coating  of  this  na« 
ture^  thus  communicated,  and  the  assemblage  of 
nerves,  would  augment  the  efFedb  produced  by 
the  galvanic  current.  The  same  experimeBk,  h^ 
observes,  may  be  tried  with  the  nerves  ©f  living 
animals  of  different  kinds. 

In  the  above  cited  experiments  the  metallijj 
media,  were  constamtly  varied,  and  the  following 
metals  employed : — iron,  lead,  arsenic,  plumbagg, 
antimony,  platina,  zinc,  and  gold.  For  this  pur- 
pose exciting  arcs  had  been  made,  of  different 
fdna»t  of  all  the  above  cited  metallic  substances. 
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Review  of  the  different  theories  and  opinions  reh* 
tive  to  galvanism^  up  to  the  commencement 
0/1798* 

AT  the  above  period  two  Latin  Dissertations 
on  the  subjedl  of  galvanism^  were  published  by 
M.  Reinhold^  of  Magdebourg.  Notwithstand- 
ing they  are  posterior  to  the  researches  of  Volta 
and  other  naturalists,  an  extradt  of  them  is  given 
In  this  place,  because  the  author  enters  into  a 
detail  of  all  the  publications  which  had  then  ap- 
peared, followed  up  by  remarks  and  criticisms  on 
each.  The  reader  will  thus  be  enabled  to  form 
a  judgment  of  the  merit  of  the  different  ^vriters 
who  had  treated  this  very  interesting  subjedl  up 
to  the  period  in  question. 

The  author  sets  out  by  remarking,  that  the 
sciences  of  chemistry  and  physiology  had  begun 
to  make  a  very  considerable  progress,  and  were 
already  brought  to  a  high  degree  of  perfe6lion, 
when  the  celebrated  Galvani  flattered  himself 
he  had  made  the  discovery,  that  the  cause  of 
irritability  and  sensibility  exists  in  an  eledlricity 
inherent  in  animals.  This  had  been  no  sooner 
announced  to  the  public^  than  several  naturalists 

and 
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and  physiologists,  led  away  rather  by  the  no- 
velty of  the  subject,  than  persuaded  of  the  truth 
of  the  dodlrine  laid  down,  entered  into  a  strenuous 
support  of  the  experiments  of  GAlvani,  and  of 
the  theory  he  had  founded  on  them.  Other 
naturalists,  after  having  repeated  these  experi- 
ments carefully,  and  added  others  of  their  own, 
corredled  the  former,  but  at  the  same  time  re- 
jedled  and  endeavoured  to  overthrow  the  theory 
on  which  they  were  founded. 

In  England,  Italy,  and  Germany,  the  new 
do£trine  of  galvanism  had,  more  particularly,  its 
partizans  and  opponents.  Both  the  parties  seemed 
to  be  agreed  in  the  support  of  the  discovery  of 
Galvani,  but  differed  altogether  in  the  expla* 
nation  of  the  cause  of  the  phenomena  it  presents^ 
While,  by  some,  this  cause  was  referred  to  arti- 
ficial de6lricity,  that  is,  to  an  extraneous  elec- 
tricity transmitted  to  the  parts  of  the  animal ; 
others  ascribed  it  to  an  innate  ele6lricity  in  the 
parts  themselves ;  others,  again,  to  the  escape 
and  decomposition  of  the  elements  supplied  by 
the  antiphlogistic  theory  of  chemistry;  and 
others,  lastly,  to  a  certain  fluid  hitherto  un- 
known. The  latter  of  these  physiologists  were 
not  agreed  among  themselves,  some  of  them 
contending  that  the  newly  discovered  fluid  was 
a  kind  of  eledlricity  ;  while  the  others  asserted 
that  it  was  of  a  nature  altogether  different. 
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This  divtemty  of  opinions  principally  arose^ 
adoording  to  RjBJNHotD,  from  the  foUomag 
eaoaes :  In  the  first  place^  several  of  tbs  wAm^ 
talists  referred  to,  without  waiting  for  the  inliDf^ 
mation  which  would  have  been  derhred  ftoin  a 
aufiicient  number  of  experiments^  had  been  in 
too  great  haste  to  establish  a  theory.  Secondly, 
other  naturalists,  delisted  with  the  phenomcm 
they  observed,  maintained  that  their  obaervatiems 
and  experiments  could  be  attended  by.  no  other 
result,  than  the  one  which  was  conformabfe  to 
the  hypothesis  anterior  to  the  experiments  theoi- 
Belves«'  Thirdly^  and  lastly,  another  class  of  na- 
tnrdisfcs,  baring  too  much  confidenee  io  their 
own  experiments,  and  in  those  of  their  co-op^ 
jrators,  did  not  erhploy  all  the  scrupuloos  atten^ 
tioH  by  which  the  true  observer  is  characterised. 

In  proportion  to  the  variations  in  the  state  and 
temperature  of  the  atmosphere,  and  to  the  difler- 
fnaces  in  the  nature  of  animals,  the  observer 
ought  to  vary  his  method,  and  the  means  he 
employs  in  his  experiments',  to  obtain  a;  satis- 
fa<5lory  result.  Many  things  may  otherwise  rea- 
dily escape  his  attention,  and  contribute  to 
change  the  nature  of  the  processes  he  employs- 
He  alone  who,  with  facility  and  certitude,  exj- 
plains  the  whole,  or  the  greater  number  of  tlic 
phenomena  he  has  noticed  ;  who  is  supported  by 
a  sufficient  number  of  experiments,  well  made, 

and 
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;md  dilfferently  combined ;  who  has  carefully  no- 
ticed every  fa6l ;  and  \vho  is  acquainted  with  the 
)aws  which  may,  with  ,g|»4ence  and  precautioji, 
te  deduced  from  the  ^sembiiige  of  fa^s ;  may 
be  truly  said  to  have  established  a  solid  and  ra- 
tional theory,  ,^ 

In  conformity  to  these  principles  the  question 
of  galvanism  is  discussed  by  Reinhold,  who  ha« 
conne6led  with  the  labours  of  others  many  inte- 
resting observations  made  by  himself,  For  the 
fiake  of  perspicuitjf,  he  divides  the  substance  of 
jjiis  two  Diissertations  into  eight  se6lions. . 

In  the  first  sie6lion  he-  gives  his  reasons  fot 
futoptlng  the  denomination  of  galvanic  fiuid  in 
preference  tQ  ^y  other  ;  and,  having  detailed  all 
the  works. which  had  been  published  on  galvanism^ 
^Kplains  the  order  he  means  to  follow  in  treating 
^h^t  subjje^. 

Rela^vely  to  the  denomination,  he  considers 
that  all  those  which  had  been  heretofore  eifin 
ployed  ^e  insignificant  and  inexact.  He  prefers 
that  of  antn^al  ele<Slricity  to  that  of  metallic  elecr 
tricity,  employed  by  Volta,  because  the  sami^ 
l^heaomena  may  be  produced  witliout  having  re- 
course to  metals.  That  of  metallic  irritation, 
p«K>ppsed  by  Crev?,  does  not  appear  to  him  to 
liaAre  been  judiciously  adopted ;  and  he  is  stiU 
zaore'  adverse  to  the  hypothesis  of  Carrado^i, 
h^  Mrhoii^i  tbe  cause  is  denominated  the  riervom 
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Jluid,  as  well  as  to  the  influence  of  Fowler*  Hd 
lays  it  down  as  a  certain  principle,  that  Galvani 
and  VoLTA  are  the  atrtsbors  and  parents  of  this 
do6lrine ;  seeing  that'  they  have  discovei*ed  the 
forces  of  the  galvanic  fluid,  the  former  in  the 
movements  it  excites,  and  the  latter  in  the  sen- 
sations which  result  from  it.  There  can  be  no 
doubt  but  that  the  phenomena  of  galvanism  were 
totally  unknown  before  their  lime. 

As,  however,  it  might  have  been  urged  to 
Reikhold,  that  in  the  works  of  several  learned 
physiologists,  passages  are  to  be  found  which 
refer  to  the  eleib-ic  phenomena  observed  in  ani- 
mals, and  that  these  passages  may  have  led  to 
the  discovery  of  galvanism ;  he  examines  several 
of  them,  extradled  from  the  more  modern  au- 
thors, purposely  omitting  what  is  scattered  in  the 
works  of  the  ancients,  and  which  merely  shows, 
that  they  had  observed  in  animals,  after  their 
death,  some  vestiges  of  the  vital  force. 

Prior  to  the  discovery  made  by  Galvani, 
Vassalli  suspe6led  that  Nature  had  bestowed  on 
animals  ele6tric  forces,  distributed  in  each  part, 
and  employed  by  them  in  the  exercise  of  their 
fundlions^  Having  afterwards  made  several  ex- 
periments on  this  subjedl,  he  added,  that  the 
eledtric  forces  he  had  pointed  out,  resembled 
the  phenomenon  of  the  Ley  den  phial.  Gar- 
diner, in  his  Observations  on  the  Animal  Ecq- 
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Tlbmy^  maintains  that  there  is  in  animals  a  vital 
principle^  distributed  in  the  brain^  cerebellum^ 
tod  medulkry  substance^  of  which  principle  the 
iierves  are  the  condudbors.  He  tdds^  that  this 
fluid  is  extremdy  subtile^  and  that,  instead  .of  its 
being  contained  in  the  vessels,  it  adheres  to  the 
solid  substance  of  the  nerves.  Luohi  has  ob- 
served  that,  without  deviating  from  the  I'ight 
mode  of  philosophising,  he  considers  himself  au*- 
thorijsed  to  conje<3Lure,  that  the  e!te<^ric  fluid, 
distributed  widely  and  at  inter vab^  is  determined 
by  the  nervous  fluid  secreted  in  the  glands  of 
the  brain,  to  the  nerves  themselves>  where  it  aids 
sensation  and  motion.  The  opinion  of  Klu&ei. 
is  pretty  nearly  the  same.  Gardisti,  in  his  pub- 
lication on  the  influence  df  atmdsphericdi  elec- 
tricity on  vegetables,  relates  an  experiment  very 
similar  to   those  of  galvanism.     ^^  Lizards,  he 

'  obserres,  after  the  head'  has  been  cut  ofF,  move, 
i'aise  themselves  up,  and  support  themselves  on 
their  feet.  This  is  more  easily  efFedled  by  laying 
one  of  these  animals  on  a  bit  of  glass,  and  brings 
ing  an  eleiJIric  substance  in  contad  with  its  neck, 

^at  the  same  ti^me  that  the  experimenter  places 
his  finger  on  the  tail." 

The  above  cited  authors  are  all  of  them  ante- 
rior to  the  discovery  of  the  do6lrine  of  animal 

2<sle(^icity .  it  is  extremely  probable,  that  if  they 
liad  followed  the  oadioationii  pointed  out  to  them 
-    VOL.  I.  Q  by 
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by  their  observations  and  experiments,  they  wouM 
not  have  been  at  a  loss  to  discover  the  efl^s  of 
galvanism.  It  has  been  already  noticed  that, 
prior  to  the  researches  of  Volta,  Sui.tzbr  had 
observed  the  effeA  of  the  application  of  differ&i 
metals  to  the  tongue,  in  the  production  of  a  cer* 
tain  taste,  similar  to  that  of  vitriol  of  iron. 

After  having  given  an  account  of  the  writings 
of  Galvani,  and  of  *  the  Italian  and  Grerman  au- 
thors already  mentioned  in  this  work,  Rbikhoij» 
dwells  with  much  pleasure  on  those  of  Volta, 
whom  he  entitles  the  prince  of  Italian  naturuluU. 
At  the  commencement,  the  latter  was  attached 
to  the  theory  of  Galvani,^  which  he,,  notwith- 
standing, combated  in  a  certain  degree,  and  cor- 
redled  several  of  its  dogmas.  He  afterwards 
abandoned  this  theory  by  degrees,  until  at  length 
•he  established  a  new  one,  founded  on  very  in- 
genious experiments  made  on  animated  bodies. 
Aldini,  nephew  to  Galvani,  defended  his  un- 
cle's theory,  in  two  Latin  dissertations,  which 
contain  several  very  curious  experiments:  it 
would  appear,  however,  that  these  two  publica* 
tions,  as  well  as  another  written  by  him  in  the 
course  of  the  same  year,  in  the  Italian  language, 
did  not  meet  with  the  favourable  reception  thcjf 
merited. 

The  researches  of  Valli  experienced  a  better 
fate.  Having  made  the  cause  to  reside  in  the  parts 
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6f  the  animal  organization,  he  Examined  the  in- 
fluence of  the  medicaments  detlofninated  by  phy- 
sicians hervical  and  poisons^  ofh  the  animals  which 
were  to  be  subjedted  to  galvanic  experiments. 

After  having  detailed  the  observations  and  ex- 
periments of  Font  AN  A  aind  BbrhngHi^ri,  Rfi^N- 
HojLD  proceeds  to  the  resefarches  of  the'  English 
and  French  physiologists  on  galvanisin.  He 
here  takes  occasion  to  pay  a  handsome  eompli- 
xnent  to  our  countrymen,  wboy  he  observes,- 
have  been  infinitely  more  industrious  than  their 
Gallic  neighbours^  and  have  opened  a  mcfref 
extensive  and  more  fertile  field  of  investigation^ 
as  is  proved  by  their  publicaticmsy  in  which  the 
names  of  Monro,  Fowler^  Robison^  CavAIlo, 
Wells,  &c.  shine  conspicuously.  Adverting  to 
Denmark,  he  cites  the  names  of  Havgk  and 
CoLSMANN,  who  havc  illustrated  by  their  writings 
the  dodlrine  of  galvanism.  That  the  Germans 
have  laboured  with  their  wonted  assiduity  in  this 
investigation^  is  evinced  by  the  numerous  works 
they  have  published  on  the  subje6l.  Several  of 
the  writers  of  this  nation  have  been  already  men-^ 
tiotied,  and  more  particularly  Cbevb^  who  has 
writteh  very  exterisively  against  Galvani  and 
his  partizans.  At  a  very  early  dat^  after  the  gal- 
vanic phenomena  had  been  noticed,  he.  communi- 
cated his  observations  on  human  Kmbs  subjected 
to  amputation  ;  aind  recommended  the  employ-* 
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ment  of  galvanism  in  the  discovery  of  real  deatb^ 
pointing  oat  the  mode  by  which  it  ought  to  be 
distinguished  from  apparent  death  brought  on  by 
asphyxia,  or  any  other  cause.     The  advice  he 
gave  on  this  head  appeared  in  a  dissertation  pub- 
lished by  his  pupil  Klein,  on  the  subject  of  the 
efficacy  of  metallic  irritation  in  the  discoveiy  of 
real  death.     This  dissertation  appeared  in  1794. 
About  the  same  time,  that  is,  in  1793  and 
1794,  Ppafp  published  several  papers  on  gal- 
vanism, in  the  Latin  and  Grerman  languages,  in 
which  he  combined  his  own  experiments  with 
those  of  the  other  physiologists.     He  made  a  vz^ 
riety  of  researches  on  the  species  of  eledricity 
^vhich  he  stiles  animal,  and  added  the  details  of 
the  purposes  to  which  it  may  be  applied  in  natu- 
ral philosophy  and  medicine. 

He  was  very  soon  followed  by  Huatboldt^* 
whose  writings  infinitely  surpass  those  of  his  pre- 
decessors, as  well  on  account  of  the  abundance 
of  scientific  knowledge  they  contain,  as  of  the 
ingenuity  displayed  in  them,  llie  works  of  thi^ 
learned  naturalist,  as  they  are  cited  by  Reinholdj 
consist  of  threp  letters  addressed  to  the  celebrated 
Blumrnb  ACH,  and  another  to  Crell,  published  in 
the  Grerman  Scientific  Journals.  A  letter  addressed 
to  M.  PiCTET,  inserted  in  the  Magazin  Encyclo- 
pedique,  on  the  influence  of  the  oxygenated  muri* 
atic  acid,  and  on  the  irritability  of  the  organic  fibre. 

Another 
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Another  letter  to  M.  de  Mons.  And,  lastly,  his 
principal  work  on  galvanism,  published  in  1797> 
a  particular  account  of  which  will  be  given  in  the 
sequel.  ^ 

'.  Reinhold  concludes  the  list  of  the  authora 
who  have  professedly  treated  the  subjedl  of  gaU 
vanism,  by  a  short  notice  of  those  who  have 
spoken  of  it  in  a  cursory  way,  in  the  diurnal 
prints,  or  other  periodical  publications.  It  will 
be  simply  necessary. to  cite  in  this  place  the 
theoretic  dissertation  on  the  principle  whioii 
gives  birth  to  epidemic  fevers  of  an  inflammatory 
nature,  by  Esch^nmeyer.  This  author  makes 
tlie  atmospheric  miasma  by  which  th6se  fevers' 
are  produced,  to  reside  in  ele<ftricity  ;  and  under- 
takes to  prove,  by  galvanic  experiments,  that  his 
opinion  is  well  founded. 

:  Reinhold  next  points  out  the  ocder  he  means 
to  observe,  in  treating  the  subjedl  matter  of  his 
two  dissertations.  He  confines  himself  to  expe- 
riments purely  galvanic,  as  they  relate  either  to 
t*he  different  parts  of  the  animal  organization,  or 
to  .the  bodies  which  are  conductors  of  the  galvanic 
fluid,  applied  to  the  animal,  and  in  mutual  con- 
tact with  each  other.  In  the  detail  of  these  ex- 
periments, he  relates  those  which  demonstrate 
the  efFedls  of  the  galvanic  fluid,  in  the  first  in- 
stance  on  the  irritable  fibre,  and  afterwards  on 
the  ^^Iple  fibre..  In  other  words,  he  details  the 
experiments  relative  to  movement  and  se^sation^ 

.  L.  0  3  Ha 
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He  has  classed  these  experiments  under  their  re-t 
&pe<^ive  heads,  from  a  convidtion  that  movement 
and  sensation,  although  arising  from  the  sama 
source,  as  he  endeavours  to  demonstrate  in  the 
sequel,  differ  notwithstanding,  according  to  the 
mode  in  which  the  animal  is  prepared  for  the  ex- 
periment, and  according  to  the  disposition  of  the 
g^vanic  apparatus.  On  this  latter  head,  he  pbr 
^rves  that  the  coatings  *  may  be  applied,  .either 

'*  The  coating  is  a  substance  which,  being  applied  to  a  part 
of  an  animal  capable  of  being  incited,  gives  motion  to  the  gal* 
yanic  fluid,  by  eipbracing  it  in  son^e  way  or  other.     It  is  t&ea 
said  that  th.e  part  is  coaji^d^  or  armed.    It  is  .of  little  mpment 
whether  the  coating  be  above,  below,  or  at  the  side  of  the  part 
to  be  a6led  on,  provided  it  touches  it  precisely  at  any  one  de- 
terminate point.     Two  kinds  of  coatings  are  employed,  rela- 
tively  to  the  parts  they  touch,  namely,  that  of  the  nerves,  and 
tha.t  of  t^^  muscles.     Several  authors  have  bestowed  on  the 
latter  the- name  of  exciting  arc,  but  improperly,  since  it  has 
been  proved  by  naore  recent  observations,  that  the  two  coat- 
ings, that  of  the  nerve,  and  that  of  the  muscles,  possess  alikQ 
the  excitative  faculty.     It  is  true,  that  several  of  them,  when 
applied  to  the  nerves,  or  to  the  muscles,  produce  more  extraor- 
dinary effeds  than  the  others,  and  excite  a  greater  number  of 
galvanic  phenomena,  as  well  as  more  po^rerful  ones.     Rein- 
hold  4Jyid?s  tlie  coatings  into  nervous  iand  muscular  j  or,  if  it 
should  be  wished  to  disregard  tiieir  faculties,  and  merely  to 
consider  the  nature  of  the  part  armed,  the  one  applied  to  the 
muscle  may  be  entitled  coating  of  the  muscle,  and  the  one  ap- 
plied  to  the  nerve,  coating  of  the  nerve.     In  this  case  C.  M. 
!roay  be  employed,  by  abbreviation,  to  distinguish  the  former  i 
a^d  .C.  N.  the  Jattcr. 
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on  the  nerves  and  muscles  at  the  same  time,  on 
either  of  them  separately,  or  on  other  humid 
substances  contiguous  to  the  animal,  taking  care, 
however,  that  they  do  not  touch  it  at  any  given 
point.  The  movement  and  the  sensation  likewise 
diiTer,  according  to  the  media  which  surround  the 
animal  with  the  apparatus  ;  according  to  its  w- 
-citofbility,  more  or  less  modified  by  the  agents ; 
and,  lastly,  accor^iing  to  the  different  nature,  the 
different  distribution,  and  the  different  assem- 
blage of  the  substances  with  which  the  animal  is 
armed,  or  by  which  the  coatings  are  united.  In 
proposing  to  cite  the  authors  of  each  description 
•of  experiments,  together  with  the  variations  they 
have  experienced,  Reinhold  deems  it  necessary, 
in  the  first  place,  to  say  something  of  the  ani- 
mals themselves,  and  of  the  mode  of  preparing 
them  for  the  experiments. 

It  is  well  known  that,  since  the  commencement 
of  the  discovery  of  galvanism,  the  experiments 
have  been  most  frequently  made  oh  frogs,  and 
more  especially  on  the  species  denominated  by 
iriNNiEUS  rana  esculenta.  This  has  unquestion- 
aWy  been  done  on  account  of  the  facility  with 
which  frogs  are  found,  as  well  as  on  account  of 
the  vital  force  which  subsists  in  them  a  consider- 
able time  after  death,  and  of  the  particular  struc- 
ture of  their  body  and  nerves.  It  is  certain  at 
^he  same  time^  that  their  prq)aration  is  much 

o  4  easier 


4iasier  than  that  of  other  animak.  It  is  of  litt!^ 
moment,  whether  an  animal  destined  for  exjerif 
ment  be  in  health  and  in  an  entire  state^  or^  on 
the  other  hand,  prepared  and  disse&ed. 

With  respe<9:  to  the  preparation  ^  fiour.di£fe« 
fences  have  been  estabhshed  by  physiologists. 
Some  of  them  merely  deprive  the  aqrmals  of 
their  integuments  to  the  muscles.  Others,  after 
having  opened  the  cavities  of  the  thorax  and  ab- 
domen, and  removed  the  viscera,  denudate  the 
nerves  and  muscles  distributed  in  those  parts. 
Others,  again,  after  the  animal  has  been  prepared 
in  this  manner,  separate  all  the  parts  between  the 
origin  of  the  nerve  and  its  insertion  in  the  musele, 
iiisomudi  that  the  latter  is  attached  to  the  rest 
of  the  trunk  by  the  nerves  only.  Several  natu- 
ralists, after  having  prepared  the  animal  as  above, 
cut  off  its  head,  to  the  end  that  the  moveipents 
excited  by  galvanism,  may  not  be  deranged  by 
the  voluntary  movements,  and  a  confusion  eilsue 
between  them.  The  fourth  kind  of  preparation 
consists  in  the  entire  separation,  by  disse6lion,  of 
each  of  the  parts  from  the  rest  of  the  body  ;  the 
extremities,  for  instance,  or  any  one  of  the  mus- 
cles, after  it  has,  as  well  as  the  nerves,  been  laid 
bare.  Those  who  are  desirous  of  further  infor- 
mation relative  to  the  best  modes  of  preparing 
animals  destined  for  galvanic  experiments,  m^3 
consult  ScHMUCi^,   Gben,   and   Cavallo,   tl:>^ 

latt^ 


iatter  of  vthom  has  illustrated  this  subj^iSt  hy  a 
plate. 

In  the  second  se<Stion  of  his  dissertation^ 
Reinholp  treats  of  the  contra<Slion8  of  the  mus* 
^les,  produced  by  animal  substances  brought  into 
contact.  These  contradlions  are  excited  in  ani^ 
mals  replete  with  vigour,  morei  particularly  frogs, 
$o  long  as  the  incitability  "^^  is  in  a  highly  exalted 
3tate.  When  they  ba\^  been  prepared  in  any^one 
of  the  modes  explained  above,  one  of  their  solid 
parts^  in  a  humid  state,  should  be  brought  in 
contact  with  another  incitable  part  destined  for 
motion^  in  such  a  way  as  that  the  former  may 
ix)nstitute  an  arc  touching  the  nerve  or  the  mus* 
cle^  or  both  of  them  at  two  points*  It  is  of  little 
moment,  whether  the  part  which  is  brought  in 
contadt  be  organically  united  with  the  part  it 
touches,  or  taken  from  any  other  animal. 

Humboldt,  Albini,  and  Valli,  were  struck 
by  this  discovery,  the  merit  of  which  is  entirely 
due  to  Galvani.  They,  repeated  the  experi* 
ment  on  a  frog,  the  inferior  extremities  of  which 
were  connedled  with  the  body  by  the  ischiatic 
nerves  only.  No  sooner  was  the  communication 
established,  than  violent  contradiions  and  move* 
ments  were  perceived  in  the  1^ ;  insomuch,  that 
the  gemelli  muscle  and  internal  gastrocnemius 

*  Wc  have  adopted^  with  Reinhold^  the  words  incitalility, 
and  incitabt^,  because  he  employs  them  Id  preference  to  those 
€ivrniahility  aod  irritable, 

were 
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were  drawn  up  towards  the  muscles  of  the  thorax^l 
and  towards  the  ischiatic  nerve^  to  such  a  degree 
as  to-  touch  these  parts.  The  same  phenomenon 
was  observed,  when  the  above  nerves,  or  a  part 
of  the  medullary  substance,  came  in  conta6l  with 
one  of  the  lower  extremities.  It  was  then  per- 
ceived, that  the  movements  were  augmented  in  a 
greater  pr  less  degree,  in  proportion  as  the  parts 
to  be  brought  in  contact  were  moistened  with 
saliva,  with  a  solution  of  saline  substances,  or 
wth  soap  and  water.  The  effeS.  does  not  cease 
when  the  nerve  and  the  muscle  are  united  to  a 
bumid  part  of  an  animal  with  which  they  have 
not  any  organic  union.  These  phenomena  will 
be  more  particularly  explained  in  the  sequel. 

Our  author  next  proceeds  to  describe  the  con- 
tractions excited  by  non -animal  heterogeneous 
substances,  either  in  animals  in  an  entire  state,  or 
prepared  according  to  the  methods  described 
above.  These  heterogeneous  substances  consist  of 
the  coatings,  which  he  divides  into  muscular  and 
nervous,  and  with  which  Volta,  Valli,  Corra- 
i>ORi,  Fowler,  Monro,  Pfapf,  and  Ackermann, 
have  made  a  variety  of  curious  experiments.  He 
speaks  also  of  the  movements  produced  on  living 
persons  by  these  coatings ;  and  of  those  resulting 
from  the  application  of  zinc  and  silver  within  the 
cheeks.  He  notices  particularly  the  experiment  of 
Humboldt,  who  produced, by  the  meansof  metal- 
lic substances,  contradiions  in  the  muscles,  after 

having 
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kaving  removed  the  epidermis  by  a  blistering 
plaster  ;  and  that  of  Ac  hard,  who  noticed  dis* 
tin<91y  the  augmentation  of  the  peristaltic  motion^ 
when  hte  introduced,  after  having  applied  to  the 
tongue  a  fcit  of  zinc,  a  piece  of  silver  into  the 
anus.  In  this  case,  the  sphincter  muscle  having 
been  made  to  contraft,  the  desire  to  go  to  stool 
soon  foHowed,  and  was  succeeded  by  the  ev'acua- 
jtion  itself.  <7RAP£KKIes3£R  notices,  that  he  has 
iseen  the  above  motion  accelerated,  by  the  same 
means,  in  the  case  of  a  man  whose  large  intes- 
ilines,  formerly  contained  in  a  hernial  sac,  had,  in 
consequence  of  an  abscess  in  the  part,  formed  an 
artificial  anus.  I'his  observation  will  be  particu* 
lariy  dvvelt  on  hereafter* 

Relatively  to  the  contractions  excited  in  dis- 
sected animdis,  by  coating  the  muscles  and  the 
jierves,  Reinhold  observes  that,  after  the  inte- 
guments have  been  removed,  and  the  muscles 
and  nerves  duly  prepared,  when  the  latter  are 
not  yet  destitute  of  their  vital  energy,  that  is, 
when  th^y  are  still  humid,  and  susceptible  of 
contra(Siions,  if,  under  these  circumstances,  the 
coatings  are  .well  conditioned,  and  applied  in  a 
proper  manner  to  the  incitable  animal,  there  en- 
6ues  a  kind  of  tetanos  in  eveiy  part  of  the  body. 
But  if,  on  ihe  other  hand,  weak  coatings  be  em- 
ployed, or  if  the  incitability  of  the  animal  be 
l&early  .extinguished,  n9  other  than  very  feeble 

commo- 
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commotions  will  be  obtained.  It  has  thus  been 
noticed  that  the  brain »  or  inedullary  substance, 
being  armed^  all  the  muscles  provided  with  nerves 
which  lead  from  those  parts  do  not  QonUnQ:,  but 
merely  those  which  proceed  from  the  part  which 
is  coated^  or  from  its  vicinity.  It  hiis  in  general 
been  ascertained  by  fadls,  that  the  movements 
are  very  powerful,  whenever  the  nerves  are  sur- 
ronndedr  by  the  galvanic  fluid  in  an  insulated 
state,  whether  this  be  throughout  their  whole 
extent  in  the  muscles,  or,  at  the  least,  at  a  smdil 
distance  from  the  point  where  they  are  distri- 
buted. The  humid  coatings  produce  the  same 
cffecSt  ^  those  which  are  dry,  operating  aa  pow- 
erfully as  the  metallic  coatings  themselves.  On 
this  head,  Reinhold  observes  that,  by  the  means 
of  the  liver  of  sulphur  and  the  muriatic  acid, 
united  by  silver,  he  had  several  times  succeeded 
in  exciting  as  powerful  contraitions  as. with  gold 
and  zinc.  Ckeve  goes  so  far  as  to  assert  that 
the  galvanized  extremities  of  frogs,  on  which  he 
laid  iron  and  the  copper  of  Japan  (cupnim  Ja- 
po7i€nse)  became  so  violently  con  trailed-  as  to 
raise,  in  the  first  instance,  a  pound  weight,  and 
afterwards  upwards  of  two  pounds. 

The  contradlions  take  place,  not  only  when 
heterogeneous  coatings  are  employed,  but  likjew- 
wise,  more  feebly,  it  is  true,  when  thq  application 
^f  homogeneous   coatings  is   made.     This  £a£t 

has 
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has  been  questioned  by  several  naturalists,  among 
whom  may  be  cited  Gren,  Michablis,  and 
VoLTA.  The  latter  has  even  asserted,  that  those- 
who  had  observed  contradtions  to  result  from 
feomogetieous  coatings,  had  been  led  into  ^n 
error,  when  they  ascribed  to  similar  metals  the 
same  nature,  without  paying  a  sufficient  atten- 
tion that  this  nature  frequently  varies  at  each 
point,  in  consequence  of  the  degree  of  rough- 
ness or  polish  of  the  metals,  of  their  thickness 
or  tenuity,  of  their  unequal  surface,  of  the  mode 
in  which  they  are  applied  to  the  parts,  and,  lastly, 
of  several  other  unforeseen  circumstances,  which 
very  frequently  change  the  power  of  the  coat- 
ings, thus  influencing  the  riesult  of  the  experi- 
ment. Those  made  by  Aldini  and  Humboldt, 
and  which  were  often  repeated,  set  aside  all  the 
reasonings,  as  well  as  all  the  faifts,  founded  on 
the  opinion  of  Volta*  Humboldt  obtained 
contradHons  by  bringing  mercury,  well  purified, 
and  in  a  homogeneous  state,  in  contaft  with  the 
muscle  of  d  frog  carefully  prepared.  Reinhold 
frequently  succeeded  in  exciting  movements,  by 
placing  beneath  the  crural  nerve,  laid  on  a  bit  of 
glass,  the  torn  edge  of  a  flattened  piece  of  zinc, 
in  such  a  way  as  that  it  touched  the  nerve  at 
one  point  only.  Several  other  experiments  have 
proved  that  homogeneous  moist  coatings  are  also 

capable  of  exciting  movements. 

In 
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In  giving  an  account  of  the  experiments  madd 
by  the  means  of  the  ligature  of  the  nerves,  and 
of  the  efFcdls  which,  according  to  Humboldt 
and  Valli,  result  from  them,  Reinhou>  takes 
occasion  to  notice  another  fa<ft  observed  by  Gal- 
vANi,  Monro,  Fowler,  and  Caldawi,  a  precise 
explanation  of  which  was  first  given  by  Pfaff. 
The  latter  having  perceived  that  the  movements 
were  unusually  feeble,  when  the  crural  nerves 
were  laid  in  a  moist  basin,  ascribed  to  humidity 
the  dissipation  of  the  operating  fluid,  and  the 
cause  of  the  diminution  of  its  effects.  It  is  on 
this  account  that  he  endeavoured  to  ascertain^ 
whether  other  substances,  condu^lors  of  the  gal- 
vanic fluid,  would  produce  the  same  efFedl,  if 
brought  from  the  coating  of  the  nerve,  and  di- 
rected towards  the  denudatcd  muscles.  The  re- 
sult was,  that  he  found  the  movements  to  be,  in 
almost  every  case,  weakened  by  similar  deriva- 
tions of  the  galvanic  fluid ;  insomuch,  that  they 
were  sometimes  in  a  languid  state,  and  at  others 
ceased  altogether,  according  to  the  variety  of 
these  derivations.  The  same  author,  as  well  as 
VoLTA  and  Fowler,  noticed  the  xnovements 
which  take  place  at  the  moment  the  coatings  are 
separated  from  each  other. 

Nothing  certain  has  been  acquired  relatively 
to  the  interval  of  time  during  which  the  galvanic 
contra6lions  can  be  excited,  their  duration  de- 
pending 
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pending  on  the  nature  of  the  animal,  as  well  as 
on  that  of  the  experiment.  This  has  given  rise 
to  a  great  diversity  of  opinions^  With  the  ex* 
ception,  however,  of  Caldanx,  aU  ^\ie  physio- 
logists agree  in  opinion^  that  the  contra6Uoxis 
excited  by  galvanism  are  of  longer  doration  tbaa 
those  which  are  procured  by  mechanical  agents. 
They  consequently  maintain  that  the  loss  of  in* 
citability  cannot  be  ascertained,  until  fruitless 
efibrts  have  been  made  to  awaken  this  dormant 
faculty.  Keinhold  having  placed  a  piece  of  tin 
beneath  the  nerves^  and  a  piece  of  silver  beneath 
the  muscles  of  several  aged  female  frogs,  ibund 
that  the  muscles  scarcely  contra^ed  at  the  ex- 
piration of  sixteen  hours.  Fowi^^ii  observed 
iDonvulsive  movements  of  the  muscles  of  animals 
of  this  description,  sixty-two  hours  after  their 
death ;  and  Creve,  as  well  as  H£bmestac;dt, 
found  these  movements  to  be  of  a  still  longer 
duration.  The  latter  remarJced  them  in  a  tor^ 
toise  during  three  days,  the  water  in  which 
.  the  animal  was  kept  having  already  become  in  ^ 
great  measure  putrid. 

The  sagacity  of  physiologists,  by  which  they 
,  were  enabled  to  notice  these  movements  in  the 
muscles  governed  by  the  will,  led  them  to  the 
discovery  that  they  are  likewise  produced,  by  the 
means  of  the  galvanic  fluid,  in  the  parts  which 
are  jnot  obedient  to  the  wilt.    They  set  out  by 

experi- 
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experiments  made  on  the  heart.     All  those  who^ 
a  short  time  after  Galvani*s  discovery^  empldyed 
themselves  in  experimenting  on  that  tiscus^  de- 
nied that  it  could  be  aAed  on  by  the  galvasue 
fluid.     Thi^  was  the  joint  opinion  of  Schmuck> 
Mezzint,  Volta,  Valli,  Klein^  Pj-app,  and 
BEHBE7n>s^  the  latter  of  whom  cotieluded  firoTjsl 
this  ciroumstance^  that  the  heart  is  utipfovided 
with  nerves,  which  merely  accompany  the  vessels. 
Reinhold  gives  a  detailed  account  df  the  ex- 
periments made  on  this  subjedl  by  the   ebovd 
physiologists,  as  well  as  by  others,  such  as  Fon-^ 
tana,  Giutio,  Fowler,  Humboldt,   Creve^ 
LuDwiG,  Websteb,  and  Michaelis.   He  direAff 
his  attention  particularly  to  those  of  tluMBOLBt,- 
who,   to  ascertain  with   precision  whether  the 
galvanic  fluid  possesses  the  faculty  of  giving  mo- 
tion to  the  heart,  and  whether  this  faculty  aAs 
by  the  medium  of  the  nerves  only,  made  several 
very  ingenious  experiments,  in  concert  with  his 
brother.     He  found,  that  on  carefully  preparing 
and  coating  the  very  small  nerve  which  proceeds 
to  the  heart,  instantly  after  the  animal  had  beetl 
killed,  the  heart  itself  moved  in  every  part,  inso- 
much that  its  contradlions,  when  they  had  ceased^ 
wereeither  excited  afresh,  or  accelerated  when  they 
were  feeble.  Toremoveevery  suspicion  of  mechani-^ 
cal  stimuli  capable  of  irritating  the  substance  of 
the  heart,  M.  Humboldt  laid  over   it  bits    of 

muscle. 


jfntiscle^  to  which  alone  he  applied  the  coating^. 
Xhe  same  effect  took  place,  withput  any  difficulty. 
These  experiments  were  repeated  by  Rein- 
fiOLD  on  frogs,  rats,  hares,  and  cats,  ^itb  a 
^e^u-ly  fiimilar  result.  He  remarked,  however, 
that  the  hi^nid  cpatings,  more  especially  those 
^bich  eKperienge  has  proved  to  be  the  best,  con* 
ne6led  each  with  a  metallic  substance,  excite  in 
Jthehe^urt  movent ts  equally  powerful  with  those 
j>rodvu3e4  by  metalsgnly.  This  happens,  whether 
tfa^y-be  applied  to  the  swerves  and  muscular  fibres 
t^firately ,  ^  tf>  both  at  the  same  time.  It  should, 
however^  be  noticed,  that  the  movements  which 
{M*^  excited,  when  the  nerves  and  the  fibres  of  the 
h^li^rt  are  coated  at  the  same  time,  are  invariabl^^ 
IDore  powerful  than  the  other  movements,  &c. 

In  experiments  made  on  the  stomach  and  in- 
testinal canal  of  a  cat,  there  did  not  result  any 
movement  from  a  coating  with  zinc  and  silver^ 
applied  on   the  stomachic  flexus,   and  on   the 
.  semi*lunar  ganglion.   Monro  has,  notwithstand- 
ingy  seen  the  extremities  of  a  frog  thrown  into 
convulsions,  by  the  union  of  zinc,  applied  to 
the  back^  with  gold  introduced  into  the  intestinum 
re£i\cm.     The   same  observation  was  made  by 
MiXMBOLDT .   Having  bound  the  inferior  extremi- 
.tied  q(  a  frog,  laid  on  a  sheet  of  zinc,  the  animal 
.■^}|$^tped  to  a  considei'able  distance,  with  an  incre- 
dible force,  as  soon  as  he  had  introduced  into  the 
VOL.  !•  p  anus 


210      RElKltotp's  RBVIEW  Of  6Al*vX^I5d^. 

inus  a  silver  \*irt,  and  brought  it  near  the  olh* 
metallic  substance.  He  also  perceived^  in  birdi» 
%+hich  lay  without  any  signs  of  Kfe,  the  flutter-^ 
ing  6f  the  vi^itigs,  after  he  had  brought  in  ooo^ 
ta6t  the  zinc  with  xi^hich  the  tongue  was  coated, 
and  the  silver  introduced  into  the  straight  gut 
By  this  method,  he,  as  weff  as  VALliy  CDAtrived 
'to  restore  these  animals  to  life. 

Similar  experiments,  made  on  the  urinary  Mad- 
der^ matrix,  diaphragm,  arteries^  and  veins^  were 
more  or  less  successful,  or  failed  altogether,.  «€^ 
cording  to  the  mode  in  which  they  were  exe« 
cutfed.  ,  Those  of  Fowler,  which,  accwding 
to  the  reasoning  he  established  on  them,  de- 
monstrated that  the  movement  of  the  bk>od,  in 
the  arterial  system,  is  accelerated  by  galvanism, 
proved  to  Reinhold  quite  the  reverse.  The  in- 
fluence of  the  galvanic  fluid  on  the  arteries  has 
been,  nevertheless,  fully  demonstrated,  seeing 
that  Humboldt  experienced  it  on  himself.  Hav- 
ing applied  to  the  parts  of  his  body  which  he 
had  purposely  blistered,  zinc  and  silver,  he  con- 
stantly observed,  that  the  seroso*lymphatic  hu- 
mour which  exudes  from  the  vessels  deprived  of 
the  epidermis,  being  excited  by  the  galvanic  fluid, 
flowed  out  in  a  greater  Or  less  degree.  He  no- 
ticed also,  that  it  changed  its  nature  and  colour^ 
corroding  the  parts  of  the  back  he  had  chosen 
for  his  experiment. 

jt 
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It  was  repeated  by  Reinhold  on  three  sick 
^wrsons.  In  the  case  of  the  first,  the  plieno- 
mena  noticed  by  Humboldt  were  manifested  ; 
but  the  second  did  not  appear  to  have  been  aifted 
on  by  the  galvanic  fluid.  It  should  be  observed, 
howevei-,  that  he  had  been  attacked  by  a  rheu- 
matic ophthalmia,  and  was  therefore  galvanized 
once  only.  The  third  patient  had  a  venereal 
ulcer,  which  was  nearly  cured.  The  following 
obserlpations  were  made  on  this  latter  occasion. 
On  the  first  day  nothing  remarkable  occurred, 
except  a  painful  itching^.  On  the  third  day,  the 
purulent  discharge  of  the  ulcer  having  been  re- 
moved, a  humour  of  a  pale  red  colour  was  ob- 
served to  ooze  out,  producing  on  the  edges  of 
the  uleer  a  considerable  degree  of  inflammation, 
which,  however,  soon  subsided.  According  to 
Rb[»:hold,  this  arose  from  the  following  causes  : 
First,  because  the  patient  was  of  a  phlegmatic 
temperament.  Secondly,  because  the  incitability 
of  an  old  ulcer  is  not  so  great  as  that  of  a  part 
the  epidermis  of  which  has  beea  removed  a  short 
itjme  before  the  experiment.  And,  lastly,  be- 
cause a  part  to  which  cantharides  have  been  ap- 
pMed,  is  more  favourable  to  galvanic  experiments 
;han  an  lUcer,  seeing  that  it  has  a  greater  extent 
of  surfaccj  and  will  consequently  admit  of  the 
application  of  a  larger  muscular  coating.    A  phe- 

tA'hich  likewise  proves  the  ascendancy 
y  -2.  of 


of  t11«  |;a1v^riic  fluid  6ii  thd  (^rfiSfi^s,  cMslsts  In 
the  discharges  of  blodd  ft6tn  the  ^art«  whidl 
havfe  b^h  galvhniz6d,  frotfi  the  ttb^HI^  acdArd* 
aig  \6  the  teuthbrrtf  5f  Moiftibf  Md  fnMa  tb» 
eirr,  aofctwdih^  t6  tb^LE*. 
Rfi^i«iibiD  tf^Kt  tr^tft  6f  thb  obtttVaAionB  of . 

the  Y!6ffe»  dh\y.    He  «»b^fv^^  thsit  in  tids  esM 
the  cotfttir^^  exeite  mcy^^^fftetits  tn  the  tnuKlii^ 
the  n^n^  6f  .Whi<ih  they  ^mbfacs^,  as  dfe^alfy 
i«s  if  th«y  had  been  applied  bdth  tb  the  herrt 
iihd  to  the  miisk^Ie.    This  fili^  h&s  been  dirtied  by 
the  partizahs  t>f  tb*  theory  ofOkhVAm,  sLlitioc^ 
the  latter  assfefted  that  it  hsld  beiStt  tioti^ed  by  him, 
artd  although  it  has  beeti  proved  by  other  phystc»lo« 
gistfi,  such  as  Volta,  VxtLr,  MoKfio^  PaWLMt, 
itid  Creve.   lite  latter  adduces  serefal  exaitiplcs, 
to  demonstrate  that  the  contra<3iorrs  tvhitl#  re- 
sult from  the  simple  coating  Of  the  nefves,  arc 
of  a  cotisiderable  duration.     If  they  disiappear 
*6bfaer  than  when  the  nerve  atid  the  muisde  are 
both  of  them  fcoafed,  it  is  because  the  nervts,  be^ 
ihg  rhore  frequently  touchbd,  and  ift  a  greater 
nuinber  of  its  parts,  does  not  retain  its  a(5livity 
so  long  tts  iti  the  other  case.     On  this  subjed 
Creve  inquires,  whether  the  movements  excited 
by  the  ner^feis,  when  enveloped  in  a  coating,  are 
more  powerful,  "and  *df  a  longer  duration,  thatt 
those  excited  by  the  uncoated  nerves.     He'de** 
^dares  himself  of  opinion  that  they  are ;    and 

brings 


brings  forward  an  experiment  io  support  of  his 
reasoning. 

Rein  HOLD,  wlio  do^s  not  entirely  ^grj?5  with 
him,  ascribes  the  weaker  movetn^pt^^  in  th^  lat-r 
ter  instance,  to  th?  conta^  pf  thq  nerves  |E^n4 
muscles,  the  contra(^ions  of  which  have  been 
excited  with  the  adjacent  parts,  and  tp  the  deri* 
vation  of  the  galvanic  fluid,  which  is  the  nec^- 
sary  result.  As  an  evidence  of  this  he  observes, 
that  any  one  of  thp  .muscles  d<?§tined  tg  move 
the  eye,  producjis  as  po\yerful  mpvements  as  any 
other  of  the  voluntary  musgles,  if  the  nerve  whiclj 
governs  its  motioi>  be  properly  coated,  after  hav- 
ing been  disseised  .and  insulatgd.near  its  prig[i^ 
in  the  brain.  He  is,  besides,  of.  opinion,  tha^ 
the  membrane  with  whiph  ng^rly  the  whole  of 
the  nerves  are  p^o^'ided,  except  at  a  smjiU  dis- 
tance from  their  prigin  ii>  the  brain,  adls.as  a 
conduAor  of  the  galvanic  fluid  tp  tluj  nerv/e, 

Relatively  to  the  ppvements  whiph  are  pro- 
duced when  the  muscles  alone  are  coated,  Gaj.- 
VA^^i^  Vajlw,  Volta,  and  Vasco,  were  the  jfirst 
to  stnrt  -the  do<5trIne,  which  all  those  who  have 
written  after  them  have  embraced,  that  the  move- 
ments equaUy  take  place  when  the  coatings  of 
ihis  description  are  ynited,  a^  well  those  which 
jembrace  different  muscles  of  the  same  animal,  as 

• 

Xbose  which  are  applied  to  one  and  the  same 
inu6c|e.    ;{UiNHpi/P  pbserves  th^t,  by  the  means 

P3  of 
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of  humid  coatings,  he  could  with  difficulty  ex- 
pite  very  feeble  movements  only ;  and  that,  witlj 
homogeneous  coatings,  he  could  not  obt^n  any, 
except  in  the  case  of  very  irritable  frogs,  and  that 
only  in  the  parts  where  the  nerves  were  covered 
with  a  very  thin  layer  of  muscular  fibres.  He 
notices  the  experiments  made  by  Humboldt,  of 
which  we  shall  speak  more  particularly  thereafter, 
to  ascertain  whether  the  ealvanic  phenomena  are 
owing  to  the  nerves  pr  to  the  muscles.  He  him* 
self  observed  njoyements,  of  from  eight  to  four- 
teen hours  duration,  excited  in  the  muscles  of  a 
frog  which  had  been  kept  in  the  shade,  in  a 
temperate  and  somewhat  moist  atmosphere.  He 
likewise  remarked  that  these  movements^  although 
more  feeble,  were  of  a  longer  duration  than  those 
excited  by  the  coatings  applied  to  the  nerve  only ; 
>vhich  will  not  appear  extraordinary,  when  it  i$ 
fX)nsidered  that  the  muscle,  having  a  much  larger 
superficies  than  the  nerve,  in  consequence  of 
which  it  must  be  piuch  longer  in  drying,  pre-^ 
sents  tp  the  contadl  of  the  coatings  a  much 
greater  proportion  of  humid  and  irritable  parts 
than  the  latter. 

On  the  siibjedl  of  the  mqvemepts  excited  by 
coatings  added  to  humid  substances,  conductors 
of  the  galvanic  fluid,  and  contiguous  to  the 
^nimal  itself,  he  observes  that  Volta  is  the 
earliest  physiologist  who  spoke  of  this  method 

■■    ^  '  ■■  of 
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of  exciting  movements.  He  was  followed  by 
Monro,  Fowler,  Cavallo,  aaid  Pfafp,  tlic 
latter  of  whom  made  a  variety  of  very  curioiK 
experiments  on  this  subje(!li,  which  lie  discussed 
is'ith  great  ability.  Reinhold  is  of  opinion,  that 
to  this  class  of  expcj-iments  ought  to  be  added 
those  which  cojisist  in  jo'uiing  to  the  uerve,  or 
to  the  iBuscJe,  one  of  lIjc  coatings  which  touches 
the  other  in  an  immediate  way,  either  by  the 
means  of  some  moist  part  of  the  human  body, 
such  as  the  hand,  or  by  fluid  conduflors.  He 
denies,  however,  that  the  experiments  in  which 
the  coatings,  in  embracing  the  animal  itself,  are 
unite<l  by  sucJi  a  substance,  contiguous  to  each, 
of  them,  <irc  to  be  considered  as  belonging  to  the 
same  class.  He  thinks,  on  the  other  hand,  that 
experiments  of  this  nature  ought  to  be  compre- 
ibended  among  those  in  which  the  coatings  are 
»inited  by  bonds  of  a  diverse  nature. 

The  coatiJigs  are  applied  in  three  difFereni 
states,  according  to  the  nature  and  description 
of  the  humidity  which  is  employed  to  condu^ 
the  galvanic  fluid.  Thus  an  application  of  the 
coatings  is  made  either  to  the  humid  parts  of 
animals  sfvd  plants,  or  to  non-organic  substances 
moistened  in  any  given  manner;  or,  lastly,  to 
fiuids  themselves.  With  respe<5l  to  the  move- 
ipents  excited  by  coatings  applied  to  parts  be- 
^ogiiig  to  the  animal  organization,  they  are 
^^^^L  74  equally 
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equally  perceptible,  whether  raw  flesh  be  em- 
ployed, or  flesh  that  has  been  previously  dresfied. 
Humboldt  has  proved  that  the  part«  of  plimtiB, 
covered  by  their  epidermis,  can  scarcely  be  Cctti- 
sidered  as  conduftors  of  the  galvanic  fldtd,  land 
that  they  cease  to  be  so  altogether,  after  tb* 
epidermis  has  been 'removed.  On  this  hetotj 
Fowler  and  Pfapp  were  guilty  of  ah  ettof, 
when  they  asserted  that  plants  in  gen6t*l  hiVfe 
a  condiifting    faculty.     They  hate,    howCfiSf) 

■ 

tnade  several  excellent  observations  relative  t6 
the  movements  excited  by  coatings  applied  t* 
humid,  non-animal  isubstances.  In  inve^ti^fithi^ 
this  subject,  Reinhold  found  that  the  eflWll. 
are  the  same  in  coating  either  paper,*  leather^ 
lirieti,  soap,  or  any  othei-  substance  moistfefied 
by  any  jiarticular  fluid  a6ling  as  a  condu6lor, 
vnth  the  exception  of  those  which  change  the 
incitability,  such  as  the  acids  and  alkalis.  The 
movements  cease,  however,  as  soon  as  an  appli- 
cation is  made,  either  of  oil,  of  the  solutions  of 
gums  and  resins,  of  wax,  mercurial  ointment,  or 
ice. 

The  following  is  a  curious  experiment  made 
by  REiNHOLD,  on  the  vital  force,  and  on  the 
efFecft  of  the  circumambient  air.  While  he  was 
hoidihg  in  his  hand  the  legs  of  a  prepared  frog, 
he  perceived  the  part  of  the  spinal  marrow  which 
SitppheS  1;he  crural  nerves,  to  be,  itistahtaneously 
•  '  as 


as  it  were,  in  &  tremulotas  and  convulsed  state,, 
i^twitbstanding  the  scigsars  fae  heid  ia  iiis  ^thabi 
hand -^y^re  about  a  tine  distant  from,  the  fintiii 
question.  Suspecting  that,  either  by  tl«8  ootrilla^ 
tion  of  the  nerves,  or  by  the  involuntary  trem* 
biing  of  the  hand,  the  sdssars  might,  perhaps^ 
have  touched  the  medullary  substance,  he  aiadtt 
the  experiment  in  another  manner.  He  lard  on 
glass  the  extremities  he  held  between  the  finger 
xtud  thumb,  in  such  a  way  as  ^at  the  nerves  and 
Medulkry  substance  should  be  ireely  suspend^ 
in  the  air.  His  other  hand,  in  whi^h  he  held  tha 
Missars,  rented  On  a  board  whidi  w^  not  con* 
tiguous  to  the  spot  where  the  animiil  was  placed^ 
On  b\h  blunging  the  scissi^s  near  the  medullary 
substance,  movements,  similar  to  those' la  the 
former  instance,  were  observable -;  and  the  effed 
was  invariably  the  same  when  the  ^^xp^riibent  was 
repeated  on  other  frdgs.  But,  however  near  he 
brought  the  scissar^s  to  the  coating  of  the  inus«« 
des,  he  could  never '  perceive  any  movement  to 
thke  place.  Zinc  was  of  equal  utility  with  ifion 
in  producing  the  contra6lions  referred  to  above ; 
but  he  was  not  successful  in  his  trials,  either  with 
other  metals,  or  with  humfd  coatings. 

Reinhold  afterwards  made  several  of  that  de-r 
scription  of  experiments  in  which  the  coatings, 
brought  into  immediate  contaA,  are  applied  to 
fluid  condudtors  of  the  gdvanic  influence,  com« 

municating, 
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municating,  in  a  diredt  way^  with  the  ammal, 
For  this  purpose  he  tried  the  galvanic  forQes  of 
ceveral  fluids,  such  as  spring^water,  rain-water, 
4listiUed*water,  milk^  arterial  and  vaious  bloodf 
€oap,  uriile,  the  juice  of  plants,  spirit  of  wine, 
solutions  of  neutral  salts,  alkaline  liquors^  acids, 
and  oil.  In  every  instance,  except  in  the  case  of 
the  oil,  more  or  less  powerful  contradlions  were 
displayed  by  the  animals.  Authors  difier  widely 
in  their  .opinion  relative  to  the  conducing  pro* 
perty  of  spirit  of  wine,  probably  on  account  of 
the  manner  in  which  it  is  priCpared,  and  of  the 
want  of  a  due  attention,  on  their  part^  to  the 
power  it  has  of  changing  the  incitability^ 

Our  author  here  notices  the  galvanic  experir 
ments  lYiade  oa  all  classes  of  animals,  as  well  as 
on  vegetable  substan^s.  They  prove  that  there 
is  scarcely  any  animal,  whether  quadruped,  bird, 
£sh,  insedl,  or  worm,  that  is  not  more  or  less  sus- 
ceptible of  galvanic  irritation.  It  is  the  same 
with  plants.  The  very  ingenious  experiments 
made  by  M.  Humbolpt,  already  detailed  in  this 
work,  prove  that  they  are  alike  influenced  by  this 
principle.  ]R£inholi>  endeavours  tp  explain  the 
reasons  why  the  changes  produced  in  plants  by 
galvanism  can  very  rarely  b^  perceived.  They 
are  as  follows ; 

1st,  Because  several  plants  require  a  spedfiic; 
jgtimulps  to  excite  them. 

?dly,  Ber 
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3dly,  Because,  in  their  case,  the  excitement 
^-okes  place  so  speedily,  by  the  humours  which 
circulate  in  the  vessels,  and  by  the  augmented 
secretions,  that  the  human  eye  cannot  perceive 
them. 

3d!y,  Because  the  irritable  fibre  is  too  deeply 
seated  beneath  the  bark,  and  the  other  parts, 
which  find  a  difficulty  in  conducting  the  galvanic 
fluid.  If,  with  a  wish  to  coat  the  fibre  itself, 
these  parts  be  divided  and  withdrawn,  the  he- 
morrhage which  is  the  result  of  the  incisions, 
either  entirely  destroys,  or  considerably  weakens, 
St  the  least,  the  incitabihty  of  the  plant. 

4thly,  and  lastly,  Because  all  the  movements 
excited  by  plants,  with  the  exception  of  those 
observed  in  some  particular  ones,  appear  to  be- 
long to  the  class  of  involuntary  motions,  which  it 
is  extremely  difiicult  to  excite  in  animals,  by  the 
means  of  galvanism. 

The  third  sedlion  of  Reinhold's  dissertations 
is  devoted  exclusively  to  experiments  relative  to 
the  external  senses.  In  the  same  way  as  the 
motive  faculty  of  the  nerves,  excited  by  a  stimulus, 
produces  movements,  so  likewise  does  the  sensi- 
tive faculty  produce  sensations.  Both  the  move- 
ments and  the  sensations  are  excited  by  gal- 
vanism, in  a  greater  or  less  degree,  according  to 
the  nature  of  the  nerve.  Our  author  begins  by 
Retailing  the  experiments  relative  to  the  sense  of 
taste.  , 


S20    ebikhold's  RBvistr  or  oaztamsmi 

taste.  VoLTA  first  noticed  that  a  coating  of  the 
nerve,  applied  to  the  point,  or  to  the  inferior  sur* 
face  of  the  tongue,  and  a  coating  of  the  muscle 
applied  to  the  superior,  excite,  the  in^taot  they 
are  brougiit  in  contacSk,  an  acidulous  taste,  ^IPii-. 
lar  to  the  one  wliich  is  perceived  after  the  ton^e 
hasl>een  burned.  If  the  places  of  the  coatings 
be  changed,  in  such  a  way  as  that  the  one  belong  - 
ing  to  the  upper  part  of  the  tongue  p)ay  occuf^ 
the  lower  part,  and  pice  versa ,  the  above  tast^ 
will  become  acrid  and  alkaline.  This  experiment 
having  been  several  times  repeated,  in  different 
ways,  by  various  naturalists,  produced  as  great  a 
variety  of  effeds,  which  are  specified  by  Rbin- 
HOLD,  and  which,  according  to  him,  depeade4 
in  a  great  measure  on  the  greater  or  less  degcee 
of  sensibility  of  the  tongue.  With  respedl  to  the 
kind  of  taste  which  is  perceptible,  Humboi^dt 
doubts  whether  it  is  entirely  to  be  ascribed  to 
galvanism,  and  finds  so  great  a  difficulty  on  this 
6ubjc(9;,  that  he  does  not  undertake  to  resolve 
the  question.  It  should  be  noticed  that,  in  this 
Qase,  the  effccft  of  the  galvanic  fluid  consists  en- 
tirely, io  the  excitement  of  the  nervous  papillip 
of  the  tongue ;  which  excitement  obliges  the 
vessels  to  supply  a  humour  similar  to  the  one  they 
furnish. in  the  ulcers  produced  by  vcsicatories. 

The  galvanic  fluid  has,  at  the  least,  as  powerful 
an  a^Uon  on  the  organ  of  sight,  as  on  that  of 

taste. 
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taiste.  The  cxpcrim^ts  cm  this  head  are  xmyre 
curious  than  the  otjiers,  and  indeed  m6r^  dectsife 
as  to  the  efFe6ts  of  gakani^m.  Rbin&ol^  cites 
«  considerable  number  of  them ,  made  by  diflfetxxxt 
tfntdralists,  as  well  as  those  made  by  himsdUE. 
TThe  fol](»u»iTig  are  the  «most  important  paai 
3)iis  vimal  nerve  having  been  carefully  coated,  or 
«rmed,  as^oYi  sib  the  coatings  are  bronght  toge^ 
i%er,  a  sodden  bnrst  of  light  is  perceived,  \Khichj 
•like  R'fladh  of  lightning,  strikes  the  eye,  whether 
>open  or  dosed,  and  which  is  as  apparent  in  the 
"dark  as  at  mid-day.  It  ought,  however,  to  be 
Yemttffced,  thdt  the  glare  of  light  is  more  brilliant 
•^oAitn  the  ^ye  is  shut  in  an  ob^^care  place,  than 
>M4ieh  it  is  open  in  a  place  exposed  to  the  sun 
»€Mr  Kght.  It  is  likewise  more  brilliant  when  the 
•^nervous  coating  is  applied  over  the  eye  itself,  the 

silver  being,  consequently,  over  the  right  eye, 

find  the  isinc  over  the  left.     The  latter,  in  this 
-case,  is  sensible  of  a  greater  splendour  of  light, 

as  Rbinhold  has  sometimes  observed,  at  the  in- 
i^nt  the  metals  are  withdrawn  from  each  other. 
What  is  still  more  surprizing  is,  that  this  light 

is  manifested,  not  only  on  the  application  of  the 
-  coatings  to  the  eye  itself,  but  also  on  a  similar  • 
-application  to  other  parts.    Four  different  modes, 

for  its  prodw5tion,  are  described  by  Humboldt. 

The  most  remarkable  is  the  one  by  which  it  was 
'  made  very  apparent,  when,-  after  having  hud  en 

the  ' 


the  tongue  a  bit  of  ^inc,  the  above  physiolognf 
introduced  into  the  straight  gut^  to  a  consider* 
able  depth 5  a  piece  of  silver.  Fowler  observefl^ 
that  he  has  seen,  in  the  case  of  himself  and  seve* 
ral  other  persons,  in  addition  to  the  ghope  of 
lights  which  was  very  evident^  a  contradtion  of 
the  pupiK  This  appeared  to  him  to  demonstnttfi 
the  influence  of  the  galvanie  fluid  on  the  iri& 
These  contradions  of  the  pupil  were  not>  how- 
ever, observed  either  by  Humboi«i>t  *r  PrAFr. 
Reinholb  having  forced  the  zinc  high  up  into 
the  nostril,  at  the  same  time  that  the  tongue  was 
covered  by  a  piece  of  silver,  and  the  two  metals 
having  been  brought  in  conta<5i  in  an  obscore 
place^  repeatedly  observed  the  contra6lioH  of  the 
pupil,  which  take^  place  more  particularly  in  an 
eye,  the  incitability  of  which  has  been  augmented 
by  inflammation.  The  tears/  without  any  change 
being  operated  in  their  natural  quality,  flowed 
more  copiously,  at  the  instant  when  the  zinc, 
applied  to  the  internal  angle  of  the  eye,  and  the 
silver,  laid  on  the  upper  lip,  were  brought  in'  con- 
ta<Sl.  The  experiments  of  Pfaff,  GorraDori, 
and  Monro,  have  tlemonstrated  that  the  galvanic 
burst  of  light,  and  the  taste,  are  likewise  excited, 
when  the  coatings  are  applied,  not  to  the  organ 
itself,  but  to  other  humid  substances. 

The  galvanic  fluid  appears  also   to  have   an 
influence  on  the  organ  of  smell,  as  appears  to 

be 
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4)e  proved  by  the  following  experiment  made  by 
Cavallo.  He  observes  that,  having  brought 
together  a  silver  thread,  forced  as  liigh  up  as 
"possible  into  the  nostril,  and  a  piece  of  zinc,  laid 
on  the  tongue,  he  was  sensibl^  of  a  putrid  smell, 
more  especially  after  having  forcibly  pulled  the 
silver  in  the  nostril.  Reinholu  repeated  this 
experiment  several  times,  but  without  any  such 
result. 

According  to  the  latter,  if  any  reliance  can  be 
placed  on  tlie  experiments  hitherto  made  on  the 
-organ  of  hearing,  it  seems  to  be  proved  that  it 
-is  in  no  way  susceptible  of  the  impression  of  the 
galvanic  fluid.    Fowleh  is  of  opinion  that,  in 
-these  experiments,  the  blood  which  is  discharged 
during  the  night,  from  a  galvanized  ear,  arises 
■  -rather  from  a  mechanical   injury  than  from  any 
■other  cause,     Reinhold,    on  the  other  hand, 
(thinks  that  this  discharge  ought  to  be  ascribed 
to  the  a6lion  of  the  galvanic  fluid  on  the  vessels. 
.      He  agrees  with  Fowleji  and  Pfapf,  that  the 
■  organ  of  feeling  is  not  more  susceptible  to   the 
impressions  of  the  above  fluid,  than  that  of  hcar- 
jing.     The  same  symptoms  of  pain  wliicli  Valli, 
•  Fowler,  and  Pfafp  observed  to  manifest  them- 
selves occasionally  in  animals,  by  the  conta<5l  of 
flnetals,  Reikhold  has  almost  invariably  distin- 
.guished  in  animals  endued  with  great  sensibility. 
|^.Among  these  demonstrations  1iq  comprehends 

the 
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ih6  c)i9|^8t  testified  by  a  dog  whose  tongfoe  hu 
heen  cdated.  It  is  proved  by  other  expsximeot^ 
that  the  ^slvafiie  fluid  afieds  each  of  fche  neiHrti^ 
more  especially  when  laid  bar^  and  ia  a  hij^jr 
sensible  -state.  Thus,  when  Rqeisosi  unitfidia 
the  silrer  M^th  which  the  tongue  ?vas  coated,  the 
sine  appliaci  to  a  wound,  he  fidt  a  (paia  in  the 
part  where  4t  was  seated.  He  aUo  fouoii  dtibat  a 
carious  tooth  became  painful,  with  a  disagccMble 
itching  sensation,  when  the  sine  with  which  it 
was  coated,  was  brought  in  eonta&  with  th<^  iAiN|r 
applied  to  th^  muscles  of  the  mouth,  •  H^Ur 
BOLDT  augmented  the  inflammation  of  a  iWCaiuid 
of  the  skin,  by  galvanizing  it,  and  hi3C)4;i^t  $!^ 
«  blunt,  throbbing  sensation  of  paio^  accom^ 
panied  by  an  itching. 

The  fourth  se<ftion  of  Reinhold-s  Disserta- 
tions contains  pra6tical  experiments  made  in  the 
diflferent  media,  which  are,  according  to  him, 
endowed  with  four  ditferent  kinds  of  funtS^ione. 

1st,  Being  contiguous  to  the  animal  on  which 
they  a6l  as  a  coating,  they  excite  the  galvanic 
iiuid. 

2dly,  Being  formed  into  an  arc,  in  any  given 
part,  they  either  retard,  or  favour  the  pix>gress 
df  that  fkiid. 

3dly,  Not  being  disposed  in  the  form  of  .an 
arc,  they  change  the  efFedls,  on  this  account, 
that^   while  Uie  galvanic  fluid  is  dissipated  by 

other 
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ether  bodieis,  condu6iors  of  the  gfitkanic  fluid, 
certain  other  bodies,  again,  in  in  ihdulated  state, 
^ress  that  fluid  Mnbre  pfowef fully  both  on  the 
aniiAdl  dhd  oh  th*  irC' 

4th!yj  and  lastly;  they  affe6l  irfd  change  the 
feature  of  the  animal,  and  of  the  coatings,  in 
suth  a  way  as  to  deran^e'both  the  experiments^ 
arid  their  results. 

Among  these  witfrfta,  the  atmospherical  aii'  is 
ndt  the  least  irhportant^  It  influences,  on  thd 
other  hand,  in  a  conspicuous  degree,  all  the 
phenomena  of  gaWanism.  When  it  is  charged 
tvith  a  Considerable  portion  of  eledVricity,  more 
particularly  on  the  Jlpproach  of  a  stofm,  it  is 
extremely  favourable  to  galvanic  experiments^ 
which  not  only  succeed  miiCh  better  under  theSd 
circumstances,  but  are  also  accompanied  by  efi^e6ts 
not  to  be  observed  unddi*  any  other  state  of  the 
atmosphere*  The  experiments  made  by  Gal- 
Vanij  Humbolut,  Michaelis^  and  Rbinholdj 
are  striking  evidences  of  this  fadl.  In  attenuated^ 
as  well  as  iti  condensed  aii",  theefFedls  are^  ac- 
cording to  Aldini^  equally  singular ;  insomuch 
that  he' found  the  movements  to  be  Weakened  in 
the  former  of  these  airs,  and  augmented  in  the 
latter.  Creve,  however,  by  whom  his  experi- 
ments were  repeated,  could  not  perceive  any  al- 
teration in  the  efFe6ls,  in  either  of  the  above 
airs.  -It  results  from  the  observations  of  Hum- 

VOL.  I.  Ql  boldt. 
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BOLBT,  that  the  galvanic  experinients  succeed  % 
well  in  the  oxygen,  nilFOus,  hydrogen,  azote^  and 
carbomc  gc'vses,  as  in  .the  atmospherical  air ;  but 
that  the  oxygenated  muriatic  gas  excites  the  inost 
powerful  movements,  and  the  gas  named  hg  the 
French  chemists  lydrogine^pesant  (carbonated 
hydrogen  gas)  the  weakest. 

The  fifth  section  trea'ts  of  the  conditions  ne- 
cessary to  produce,  in. animals,  the  galvanic  phe- 
nomena. These  conditions  are  divided  by  Rbix-* 
HOLDT  into  two  classes,  namely,  into  those  de- 
pending on  the  animal,  and  those  depende];it  on 
the  arc  and  the  coatings.  In  the  number  of  the 
authors  who  ha\'e  written  on  this  subjedty  there 
are  three  only,  Schmugk,,  Pfapp,  and  Hum- 
boldt, who  have  entered  into  a  precise  expla- 
nation of  these  conditions. 

The  principal  one  required  in  an  animal,  is  the 
cxristence  of  a  sensible  fibre  in  the  part  on  which 
the  galvanism  is  to  a(3:.     This  fibre  ouglit  also  to 
be  irritable,  to  excite  the  movements.     The  ex- 
istence of  nerves  capable  of  producing  both  the 
sensibility  and  the  movement  is  consequently  es- 
sential,   it  haviiig  been    demonstrated  both  by 
VoLTA  and  Munbo,  that  galvanism  a6ls  on  the 
nerves  alone.  Pfafe  is  of  opinion,  that  the  pow- 
erful movements,  which  are  at  the  same  time  of 
:i  considerable  duration,  can  only  take  place  in  a 
miiscle  amply  supplied  with  nerves.    This  may 

be 
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be  true,  observes  Rkishold,  so  far  as  it  relates 
to  the  muscles  wliich  have  a  simple  funi5tion  to 
perform,  or  which  belong  to  the  same  organ ; 
but  the  proposition  is  false,  if  it  be  extended  to 
all  the  muscles.  The  experiments  made  by  Hum- 
boldt have  placed  it  beyond  any  doubt,  that  the 
greatest  etFetft  is  invariably  produced,  when  the 
adlion  of  the  galvanic  fluid  is  determined  to  se- 
veral very  Urge  nerves.  With  respe6\  to  the  ir- 
ritable fibre,  which  appears  to  be  as  necessary  as 
the  sensible  fibre,  in  the  excitement  of  galvanic 
movements  in  the  muscles,  it  is  not  to  be  con- 
stantly found  in  each  part  of  the  animal  organi- 
zation ;  notwithstanding  which,  in  parts  where 
it  cannot  be  met  with,  in  the  iris,  for  instance, 
the  movements  take  place.  Hebexstreit,  in 
epeaking  of  other  irritable  parts  of  the  human 
body,  has  evidently  proved  that  several  of  them, 
although  entirely  divested  of  muscular  fibres, 
Bwell  by  the  means  of  the  vital  force  which  h 
excited  in  them.  To  conclude  on  this  head,  the 
experiments  made  by  Muneo,  Humboldt,  and 
Rbinhold,  clearly  demonstrate  that  the  organic 
union  of  the  nerve  with  the  muscle,  is  in  such 
a  degree  essential  to  the  contractions,  that  if  the 
muscle  be  divided  at  the  part  where  the  nerve  is 
inserted,  all  movement  will  cease,  whatever  at- 
tempts may  be  made  to  bring  together  the  di- 
vided portions. 

o2  The 
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The  vital  force  is  also,  in  an  animal,  one  o( 
the  conditions  vvitbbut  which  no  succiHte  call  ht 
obtained  in  galvanic  cxperithents.  But  m'tUAsf- 
grees  dnd  modfiflcatioits  are  mnu^bcr^Ie,  to  Most 
the  diviirsity  of  th<^  galvanic  ^henoHuma  Whicb 
resillt  frotn  its  excitement,  be  likewise  vnfy  greats 
Reixhold  enters  into  a  variety  of  details  relative 
to  the  nature,  cause,  arid  descriptioiift  of  these 
modifications.  Aftier  Raving  defined  tl^  irkita^ 
hilitif  of  a  living  and  oi^ani^ed  aiiimai  ptttt^'  tJiat 
is,  thefdaihy  by  which  tkis  parif  hein]^  itse^  m** 
pdled  to  ificUaiilkTji  re-^hSs  acc&rdiiig  i^  the  lam 
of  its  orjgtmizatichy  and  of  Us  naturi^  mdre  espe^ 
cially  in  the  operitidn  of  galvanism^  he  observes 
that  it  may  be.  changed  in  two  ways,  by  exalta-* 
tion  or  by  depression,  by  which  two  descr^tions 
of  it  are  established,  the  one  natural^  alkd  the 
othei"  artificial. 

Tlie  next  consideration  into  which  RtiNHOL]> 
enters,  is  the  incitability  exulted  by  a  naturs^ 
mode,  whether  physiologically  or  pathologicallyr 
The  incitability,  when  physiologically  exalted,  may 
haye  several  calises,  and  several  differences,  de- 
rived from  the  nature  and  organization  of  the  ani- 
mals, according  to  the  different  classes  to  which 
they  belong.  Of  these  classes  there  sxt  several 
which  have  been  considered  as  less  incitable  thart 
the  others,  because  we  are  not  as  yet  fully  ac- 
quainted with  the  means  of  preparing  them  for 

the 
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the  expei'imeiUs,  which,  an  that  account,  do  not 
succeed  so  wcJl,  The  sex  of  tlie  animalB  also  oc- 
casions a  dil}erence,  the  icmale  tr-Ogs  being,  ac- 
cording to  Humboldt,  more  incilsibjc  than  the 
males.  Rejnhold  has  noticed  the  sanie  ein- 
gularlty,  as  well  in  thuse  animals,  as  in  biitls  and 
iishes.  It  may  be  .^ddetl,  that  an  equal  degfee 
jf(  iaeiUbility  does  not  exist  in  every  part  of  the 
same  .aninaal.  Volta  asserts,  tliat  the  effetils  of 
galK8Di»m  are  loss  apparent  in  animals  of  lai-ge 
dimensions,  on  this  account ;  that  tliere  is  a  more 
fcttpnaiveidistribution,  in  their  case,  of  the  gal- 
v«nio^fluid.  He  affirms,  that  the  only  animals 
yhich  are  susceptible  of  galvanism,  are  those 
that  have  their  extremities  aJticiilated  by  flexor 
moseles,  and  distinct  nerves.  Vbatt,  whose 
only  mode  of  estimating  the  degree  of  incita- 
Jsihty,  is  by  the  time  during  which  it  i«  perceived, 
is  q(  a.  contrary  opinion,  and  insists  that  large 
«i)imals  arc  more  incitable  than  those  of  tlie 
smaller  tribe^i. 

Beinholc  demonstrates,  by  sevc)"al  examples, 
^hat  this  faculty  does  not  subsist  at  ail  times,  and 
siiajlages.  Young  animals  are  more  Jncitable  than 
4old  ones ;  insomuch  that  the  experiments  made 
on  the  former,  when  recently  killed,  are  often 
^uocessful,  while  those  made  on  the  latter  fail 
^together.  It  is  true,  that  the  galvanic  pheno- 
fn£na  which  do  not  require  a  great  degree  of  in- 
a  3  citability. 
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citability,  are  of  a  longer  duration  in  aged  anir 
mais.  The  dass  of  amphibiiy  after  their  winter 
sieep^  are  very  incitable.  Frogs  are  less  so  than 
usual  during  the  months  of  June^  July,  and  Au- 
gust, when  the  incitability  is  feeble  and  blunted* 
A  tranquil  existence  also  diminishes  the  insta- 
bility, which  an  adlive  life,  on  the  other  hand^ 
augments.  That  it  is  also  influenced  by  dimatei 
has  been  demonstrated  by  Humboldt,  who  ob- 
serves that  Italy  is  more  favourable  to  galvanic 
experiments  than  Germany.  ^    . 

-  To  form  a  precise  opinion  of  the  incitabtlitr  of 
animals  after  death,  regard  must  be  had  to  the 
time  which  has  elapsed  after  the  animal  has  been 
killed,  seeing  that,  on  this  head,  great  differences 
depend  on  the  longer  or  shorter  duration  of  this 
space  of  time.   Instantly  after  their  death^  Rein- 
hold  tried  a  variety  of  experiments  on  young  and 
aged  animals,  killed  at  the  same  time,  and  in  the 
same  manner,  and  repeatedly  noticed  that,  in  the 
case  of  the  former,  the  movements  were  more 
impetuous,  but  of  a  shorter  duration ;  while,  in 
that  of  the  latter,  however  feeble  they  might  be, 
they  continued  for  a  greater  length  of  time.    He 
consequently  infers  that  the  young  animals  were 
more  incitable  immediately  after  their  death ;  but 
that  the  aged  ones  continued  longer  '\r\  a  state  of 
incitability. 

FowLEjR  was  the  first  to  remark  that  the  in- 
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lUnimatlon  of  any  given  part  exalts  its  inlierrrrt 
incitability,  Reinitoilb  ol>6erved  the  same  phe- 
Bomcnnn  4n  tlie  instasaoe  «f  fiie  thig^  <jI"  a  frog, 
which  becamt;  infiatnert  two  days  after  it  had  bewi 
wounded  with  a  tnili-.  Tlie  contractions,  how- 
ever, soon  ceaBcd.  He  made  several  experiinents 
on  ophthalmias  and  venereal  vrfcers,  with  a  view  to 
ascertain  the  influcBcc  of  diseases  lin  the  modifi- 
cation of  this  fDcuhy.  As  he  could  «ot  come  t« 
any  direct  conclusion  on  this  bead,  his  forbears 
to  enter  into  any  detail  relative  to  the  result  of 
his  observations. 

He  also  made,  'm  well  as  Valli,  Volta,  Fow- 
T.KR,  CAr-DAsr,  CsEVF.,  ScHMUCK,  Cavallo,  and 
rPpAFF,  a  considerable  number  of  etfperimenlfi  -on 
the  species  of  ir^cita'bi!i^y  that  may  result  from 
the  kind  of  death  to  vvhicli  an  animal  is  subjected. 
These  experiments  convinced  him  that  the  inci 
tability  is  tnvariably  the  same,  whether  the  ani- 
mals be  strangled,  or  drowned  in  tmy  fluid  what- 
■ever,  spirit  of  wine  excepted  ;  or  tiie  head  either 
cut  oft'  or  crushed  ;  or  the  body  -cut  and  divided 
in  various  ■direiSions;  or,  lastly,  if,  as  Volta  has 
done,  they  be  ikittcd  by  plunging  a  needle  into 
the  medullary  substance.  It  is  true,  that  the  in- 
eitability  which  is,  'in  these  instances,  manifested, 
<litt"er8  according  to  the  quantity  of  blood  that 
lias  been  spilled,  and  lo  the  more  or  less  sudden 
ature  of  the  de^h ;  the  animals  which  ii.ive  lost 
«*  the 
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the  smallest  portion  o£  blood,  or  which  h^ve.boeh 
killed  suddenly,  being  more  iqcitable  than  tho 
others.     Those  that  have  perished  in  a  murintio 
oxygenated  air,  seem  tp  be  the  most  incitable. 
Among  those  that  had  been  poisoned,  Rj^inhold 
did  not  find  a  single  one,  which^  after  its  dc^, 
was  more  incitable  thap  when  living*^ 
.  He  next  proceeds  to  consider  the  ijiQit§fpihtjf 
exalted  by  an  artificial  mpde;^    Tiie  obsen'itliolM 
pade  by  pjby^iplpgista .  on .  this  description  <9£  i*^ 
citability,   vary  considerably y^  and  are  fcM?;  the 
greater  part  contradidlory,  more  e$pepiaUy.w4iQ^ 
the  employra^n.t  of  opium;  whioh  is  said  by-3$>ine, 
when  applijed  externally  to  aiva'nirBaly  to  render 
it  mqre  inciti^ble,  w.hi}e;Mher8- contend,  that  it 
doe9  not  modify  the  incitabjiity  in  any  degree;' 
and  others^  again,  th^t  it  tends  to  depress  it,* 
This  dispordance  of  ppiniona  having  urged  Rbi W 
HOLD  tp  try  the  ^fFeAs  of  opipm  applied  to  the 
nerves,  he  found. that  by  baitbing  a  nerye  with  a 
mixture  of  an  ounce  of  de^purated  opium  dissolved 
in  three  ounces  of  water,:he  constantly  augmented 
and  exalted,  during  a  certain  lap3e  of  time,,  its 
incitabihty;  and  that  an  equal  quantity  of  the 
solution,   applied   to  the  muscles,  had  npt  the 
smallest  effect  whatever  in  modifying  the  irrita- 
bilit}'.     HuMBOLBT  made. precisely  the  same  ob- 
^rvation.     Having   prepared  the  phrenic  nerve 
fi^  *  dog,  immediatieJy  after  the  anini^Vs  death^ 
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in  such  a  way  as  that  it  hung  freely  in  the  air,  io 
B  denudated  stale,  to  the  length  of  five  inches ;. 
and  having  plunged  its  extremity  in  a  fluid  well 
saturated  with  opiirni,  the  spciftators  perceived 
pot  only  a  general  treiniJous  motion  of  tiie  part, 
but  hk^wiGe,  as  soon  as  it  whs  metallically  coated, 
movements  of  the  diaphragm  still  more  powerful 
than  those  which  the  coatings  had  produced  be- 
fore the  opium  was  employed. 

By  the  latter  physiologist  we  have  been  taught, 
tliat  the  oxygenated  muriatic  acid,  the  arsenical 
calxes,  and  alkalis,  more  particutarly  the  deli- 
quescent oil  of  tartar,  when  applied  to  the  nerves, 
have  the  ertect  of  exalting  their  sensibility  in  aa 
extraordinary  degree  ;  insomuch  th;it  a  few  dropc 
of  oil  of  tartiir,  poured  on  a  crural  nerve  sus- 
pended in  the  air,  in  such  a  way  as  that  every 
part  of  the  nerve,  to  its  insertion  in  the  muscles 
was  moistened,  excited  in  the  Ibnb  tetanic  con- 
vulsions. 

Authors  are  much  at  variance  relatively  to  the 
question,  whether  the  movements  can  be  re- 
jexcite<l  by  moistening  the  nerve  with  water.  In 
tats  experiments  on  Irogs,  Reinhold  frequently 
succeeded  in  resuscitating  the  languid  movements, 
^y  the  means  of  a  few  drops  of  distilled  water 
poured  on  the  nerve,  while  it  was  still  in  a  moist 
state,  and  free  from  discoloration.  He  contrived 
in  such  a  way  as  that  the  water,  in  falling  on  the 
'perve,  which  he  held  perpendiculaiiy  for  that 
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pose,  should  bathe  it  in  every  part.  To  remove 
every  suspicion  of  any  floating  particles  of  the 
galvanic  fluid,  he  laid  the  nerve  on  a  very  dry 
glass,  before  he  repeated  the  galvanization.  The 
movements  which  are  excited  in  this  manner, 
either  cease  altogether,  or,  at  the  least,  become 
very  feeble,  if  the  water  simply  moistens  a  point 
of  the  nerve,  instead  of  being  distributed  to  every 
part  of  it,  in  its  progress  to  the  muscle. 
« -  ^£f NHOLD  has,  as  well  as  many  other  physio- 
logists, been  convinced  that  galvanism  itsdf  aug- 
ments the  incitability  of  animals.  After  several 
^ble  movements,  he  frequently  found  that  others 
of  a  powerful  nature  supervened  in  a  very  unex- 
pedted  way.  He  observes  that  they  cannot,  ac- 
cording  to  any  striA  mode  of  reasoning,  be  as- 
cribed to  a  state  of  repose,  experience  having  de- 
monstrated that  the  galvanised  thigh  of  a  frog, 
or  other  animal,  displays  weaker  movements  in 
proportion  as  it  has  remained  longer  in  a  state  of 
repose,  and  without  incitability,  &c.  &c. 

The  next  consideration  is  the  incitability  de-r 
pressed  by  a  natural  modo^  whether  physiologi- 
cally or  pathologically.  As  almost  all  that  con- 
cerns the  former  description,  the  physiological 
depression,  flows  from  what  has  been  already 
said  on  the  siibje6l  of  incitability  physically  ex,. 
altcd,  there  remains  but  little  to  be  added  in  this 
place.     There  are  animals  on  which,  on  account 

of 
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iof  the  idiosyncrasy  peculiar  to  them,  the  incita-  . 
bility  of  galvanism  does  not  a6l.  Of  the  very 
considerable  number  of  frogs  dissected  by  Hum- 
boldt, he  found  about  eighty  in  this  predica- 
ment. Reinholb,  by  whom  about  two  hundred 
of  these  animals  were  subjeAed  to  galvanic  expe- 
riments, found  one  only  which  was  insensible  to 
the  operations.  It  is  the  same  with  the  human 
race:  but  whether  this  depends  on  the  state  of^ 
the  body ;  on  the  approach  of  puberty  ;  on  the 
particular  state  of  women  at  certain  crises  ;  on 
their  pregnancy,  &c.  are  points  which  have  not 
been  hitherto  decided.  It  has  been  observed  both 
by  Fowler  and  Cavallo,  that  the  operation  o^ 
the  will  may  likewise  have  its  share  of  infiuett<)e 
in  galvanic  experiments. 

With  respedl  to  the  incitability  pathologically 
depressed,  the  efFedls  are  direift  and  more  sensi* 
ble.  The  mechanical  injury  of  the  nerves  and 
muscles,  does  not  diminish  this  faculty  in  any 
particular  degree  ;  a  remark  which  also  applies  to 
their  division  and  dilaceration .  This  is  so  truly 
the  case,  that  the  muscles,  when  cut  into  very 
small  fragments,  and  the  nerves,  when  divided 
into  very  slender  filaments,  re-a<ft  on  the  galvanic 
'  fluid  by  which  they  have  been  incited,  Berling*- 
HiERi  was  the  first  physiologist  by  whom  th^e 
movements  were  perceived.  After  having  di- 
.vided  the  crural  nerves,  at  their  egress  from  the 

spinal 
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spinal  marrow,  and  separated  them  into  filaments 
of  about  an  inch  in  length,  he  laid  these  filaments, 
together  with  the  animal  itself^  on  a  piece  of 
dried  glass,  and  placed  between  them  a  laipina  of 
silver.  The  movements  ensued  ;  but  ceased  as 
soon  as  he  substituted  to  the  metal  an  insulated 
substance. 

,  Independently  of  the  similarity  of  the  observa- 
t^na  made  by  naturalists,  relatively  to  the  nerve 
bpUnd  by  a  ligature,  and  the  divided  nerve^  it  has 
^80  been  remarked,  that  the  incitability  subsists 
9)uph  longer  in  the  part  v^hich  is  organically 
united  with  the  divided,  nerve,  than  in  the  ow 
t^^D.nion  of  which  with  the  nervous  systew  has 
b&^  pr^erved  in  an  entire  state.  This  has  been 
evidently  proved  in  the  lower  extremities^  in  the 
case  pf  which,  when  the  crural  nerves  have  b^n 
divided^  the  movements  have  been  of  a  ^iuc)i 
Jpnger  duration,  tlian  when  these  nerves  were 
l^ft  without  injury.  The  incitable  faculty  still 
subsists  after  the  lartery  has  been  tied  or  dissedled, 
but  ceases  much  sooner,  under  these  circuin- 
staaces^  than  when  no  such  operation  has  taken 
flace.  Its  effedls  are  also  diminished  much  ear? 
Her  in  the  part  in  which  the  artery  has  been 
wpunded,  than  in  the  one  in  which  a  similar  in- 
jury ;j^a6  been  done  to  the  nerve.  It  is  depressed 
in  dis<>a8e^  as  has  been  noticed  by  Humbojldt, 
>vhp  obtjine^  evident  proofs  that  galvanism  does 

not 
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lot  adt  on  persons  afflifled  by  rheumatism. 
91einhold  mentions  his  having  inefFetflually 
kcoated,  with  the  most  suitable  metals,  the  tongue 
(of  tliose  who  were  tormented  by  rheumatic  pains, 
and  ^vho  acknowledged  that  they  were  not  sen- 
sible of  any  particular  taste  in  ttie  palate.  He 
adds,  that  there  are  certain  kinds  o(  death  by 
which  tlie  incitability  is  depressed  ;  and,  on  this 
liead,  adverts  to  the  observations  made  by  seve- 
ral very  respeftabie  authors,  to  prove  that  it  is 
entirely  destroyed  in  animals  killed  by  gangrene  ; 
by  hunger ;  by  an  exposition  to  sulphuric  va- 
pours; by  immersion  in  water  heated  to  the 
ninety-sixth  degree,  and  upwards,  of  Fahren- 
heit's thermometer ;  by  water  in  a  congealed 
state ;  and,  lastly,  by  the  shock  of  accumulated 
electricity.  The  irritability  of  animals  is  also 
diminished  when  their  death  is  occasioned  by  an 
exposure  to  the  exhalations  of  tainted  flesh  ;  to 
those  of  the  nitrous  gas,  or  to  the  smoke  of  to- 
bacco. Poisons,  and  the  other  causes  of  the  de- 
«tru(ftion  of  animal  life,  produce  the  same  efFefl. 
The  subjedt  of  irritability  depressed  by  an  arti- 
ficial mode,  is  next  treated  by  Reinhold.  The 
«cids,  more  particularly  when  coneenlrated,  spirit 
of  wine,  and  oil  of  tartar,  poured  profusely  on"  the 
nerves,  together  with  the  solutions  of  nitrd  anfi 
npium,  and  certain  spirits  poured  on  the  loiTgiie, 
ere  the  artificial  agents  employed  to  diminish  the 
jncita- 
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incitability  of  animals.  It  has  also  been  noticeci 
by  Fowler,  that  the  muscles  are  deprived  c^ 
their  irritability,  by  keeping  them  for  some  time 
immersed  in  water,  after  the  integuments  have 
been  removed.  Caldani  makes  the  same  obser- 
vation relative  to  the  effe&.  of  the  essential  oils 
of  plants,  poured  on  the  muscles  in  a  denudated 
states  Of  all  the  gaseous  fluids  there  is  not  any 
one,  with  the  exception  of  what  is  denoihinated 
by  the  French  chemists  carbonated  hydrogen  gas, 
which  is  destru6live  of  incitability.  The  authors 
who  have  adverted  to  this  circumstance,  have  not 
been  able  to  ascertain  whether  the  latter  gas  aiSs 
on  the  muscles  or  on  the  nerves. 

In  speaking  of  the  means  by  which  the  incita- 
bility is  modified,  Reinhold  observes,  that  he 
has  abstained  from  dividing  it  into  the  incitable 
faculty  inherent  in  the  sensible  fibre,  and  that 
which  belongs  to  the  irritable  fibre.  He  has 
avoided  expatiating  on  each  of  them  separately,  be- 
cause their  nature  is  not  as  yet  sufficiently  known, 
and  because  it  is  extremely  difficult  to  demon- 
strate that  the  substance  which  is  employed  a<5ls 
rather  on  the  one  than  on  the  other,  physiolo- 
gists not  having  hitherto  subje6led  to  their  trials 
a  muscle  deprived  of  its  nerves.  The  uncer- 
tainty which  prevails  on  this  subje6l,  and  on  seve- 
ral relative  ones,  together  with  the  discordance 
of  the  different  authors  who  have  written  on  gal» 

vanism. 
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Tanism,  have  imposed  on  him  a  silence  which  he 
cannot  forbear  to  regret. 

In  his  sixth  se^ion,  in  expounding  the  condi* 
tions  which  are  essential  in  the  arcy  he  considers 
whether  it  is  always  necessary,  and  what  are  thq 
parts  of  thQ  animal  it  ought  to  touch.  The  gaU 
yanic  phenomena  which  have  been  already  dis*. 
cussed  by  him,  he  observes,r  are  exclusively  ma-f 
nifested  in  the  parts  of  animals,  either  connected 
together  by  an  organic  union  ;  or  reaching  to, 
and  touching  each  other  ;.  or,  lastly,  united  in  a 
similar  manner  to  each  other,  either  by  other 
animal  parts,  separated  from  the  body,  or  by 
non-animal  substances,  with  which  they  form  an 
arc.  This  the  reader  must  already  have  seen  ; 
and  must  also  have  noticed,  that  when  certain 
substances  enter  into  the  composition  of  the  arc, 
the  cffe6l  it  was  intended  to  produce  either  ceases 
altogether,  or  becomes  subjedl  to  great  variations, 
in  proportion  as  these  substances  are  displaced. 
These  observations  have  given  rise  to  several 
questions,  among  which  are  the  following.  Whe- 
ther the  arc  is  constantly  necessary  to  the  pro- 
duiSlion  of  the  galvanic  efFeAs  ?  What  is  its  na- 
ture ?  What  substances  are  the  best  calculated 
for  its  formation'?  And,  lastly,  how  is  it  formed 
•by  them  ? 
.  With  the  exception  of  Humboldt,  physiolo- 
gists have  asserted  that  tlie  arc  is  rigorously  ne- 
cessary. 
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cftstofy.  Thtf  fonrier  ha*,  however,  proi^ed  hf 
his  experiments,  that,  without  having  re(x>urS6 
td  it,  the  galvanic  movSitients  cati  be  obtained* 
This  Ailful  experimenter,  in  the  case  6f  Incita-' 
We  frogs,  eicited  cdntradlions,  by  tbufchittg,  at 
a  given  point,  a  metallic  substane^e  laid  tm  the 
crufal  nerve,  with  another  homogeneous  Cf 
heterogeneioud  metal.  The  contractions  became^ 
more  violent  when  the  former  of  these  sub- 
stances was  forcibly  struck  by  the  latter;  but 
ceased  when  it  was  strack  by  a  non-condoAing 
body.  To  remove  every  suspicion  of  the  fbrma- 
tion  of  an  arc,  which,  by  the  means  of  the  dt" 
Cumambient  air,  might  have  introduced  into  the 
nerve  the  fluid  emanating  from  the  metal  brought 
in  contadl  with  the  ner\'ous  coating,  HumbolM 
laid  over  the  metals  a  bell-glass,  from  which  he 
excluded  the  air  by  the  means  of  oil,  taking 
care  to  ai)ply  it  more  particularly  to  the  part 
where  the  iron  wire,  by  which  the  metals  and  the 
animal  were  respetftively  united,  passed  out  of 
the  glass*  On  this  occasion  the  galvanic  move- 
ments were  displayed  as  evidently  as  before. 

It  is  true,  that  MicuAfitis  has  expressed  his 
doubts  relative  to  the  above  experiments  5  but  he 
appearj^  rather  to  wish  to  put  those  who  should 
repeat  them  on  their  guard,  than  to  aim  at  a  re- 
futation .  He  suspects  the  existence  of  an  arc, 
witliout  its  liAving  been  perceived  by  Humboldt  ^ 

in 
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in  reply,  to  which  the.  latter  demands,  why  thQ 
movements  are  not  perceived  unless  whea  the 
rnetallic  substance  is  made  ta  strike  agaiilst  the 
coating  ?  tod  why  these  movements  cease,  when> 
instead  of  the  piece  of  metal,  a  substance  is  em- 
ployed which  has  not  the  faculty  of  cdnduAing 
the  galvanic  fluid  ?  With  respedl  to  the  expla- 
nation he  gives  of  these  phenomena,  as  it  is 
liable  to  several  objections,  so  it  is  successfully 
combated  by  Reinhold,  who  does  not,  however^ 
oflfer  a  better  one  of  his  own* 

With  regard  -to  the  parts  of  the  animals  which 
are  held  by  physiologists  to  be  essential  in  the  arc^ 
a  great  difference  of  opinions  has  been  enter- 
tained. According  to  Galvani,  and  those  who 
have  followed  him  in  explaining  the  galvanic 
phenomena  by  the  analogy  of  the  Leyden  phial, 
i  t  is  required  that  both  the  muscle  and  the  nerve 
should  be  comprehended  in  the  arc*  This  opi- 
nion, which  has  been  most  tenaciously  supported 
by  Fowler,  has  been  demonstrated  by  Ppafp  to 
b^  void  of  any  foundation.  The  latter  has  shewn, 
by  an  experiment,  that  when  the  nerves  alone 
are  coated,  the  movements  still  ensue.  Many 
of  the  most  celebrated  physiologists  have,  ac- 
cordingly, embraced  his  opinion* 

The  parts  which  constitute  the  arc,  together 

with  their  nature  and  their  forces,  next  engage 

.  the  attention  of  Reinhold.     The  arc,  he  ob- 

VOL.  I.  n  serves, 
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serves^  is  fwmed  of  four  parts,  namelp,.  of  die 
aaima},  of  the  two  coatings  by  which  it  ifr  toud^d^ 
and  of  a  eonduding  substance  by  whick  tbecoat" 
ings  tre  conneAed  with  each  other.  Voi^ta,  ia 
dividing  idto  two  classes  all  the  substances  whksh 
are  employed  in  galvanism,  that  is^  ihta  those 
which  Bice  dry,  and  those  which  are  moist,  was  of 
opinion,  at  the  commencement,  that  the  fenaer 
excite  and  give  motion  to  the  electricity,  whik 
the  latter  are  merely  endowed  with  a  condu^ng 
property.  Having  become,  afterwards,  better  ac- 
quainted with  his  subjeS,  he  allowed  that  botli 
the  classes  are  alike  possessed  of  an  ^eaLCttmg 
power.  RfiiNHOLD  differs  from  Voi*ta,  and  from 
HuMBOl:iDT,  in  denominating  rings,  or  inierme- 
diate  and  conjunBive  parts ,  the  substances  which, 
being  united,  form  the  arc,  or  chain,  as  it  is 
called  by  Humboldt.  He  employs  these  terms 
because  they  appear  to  him  to  denote  the  sub- 
stances in  question,  instead  of  being  purely 
theoretical. 

The  physiologists  who  were  the  earliest  to  «i- 
gage  in  galvanic  experiments,  divided  the  dif- 
ferent sub^tfmces  into  three  classes,  according  to 
their  virtue  and  force  in  the  excitement  of  the 
phenomena.  These  substances  were  arranged  in 
the  following  manner.  In  the  first  class  were 
comprehended  those  which,  being  united  to^ 
pother,  produce  the  ordinary  cfFedts,  and  which 

were 
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Were  consequently  called  exciters.  In  the  second, 
those  which,  being  made  to  supply  their  place  in 
the  arc,  do  not,  in  reality,  excite  the  galvanic 
phenomena,  but,  at  the  same  time,  oftcr  no  ob- 
stacle to  their  manifestation.  As  tlicse  sub- 
stances transmit  the  galvanic  fluid,  they  were 
denominated  coiiduHors.  The  third  class  com- 
prehended the  substances,  which,  being  inac- 
cessible to  the  above  fluid,  at  the  same  time  that 
they  support  it  on  its  way,  destroy  the  whole  of 
its  efFea. 

This  division  was  afterwords  Bubje<5led  to  several 
Variations  and  additions.  The  earliest  writers  on 
galvanism  had  comprised  in  the  first  of  the  classes 
metallic  substances  only  ;  but  charcoal  carefully 
burned,  semi-metals,  several  metallic  calxes,  cer- 
tain stones  and  ligneous  substances,  together 
with  fluids,  have  since  been  added.  The  em- 
ployment of  these  different  substances  has  been 
greatly  varied,  according  to  their  combination, 
and  to  their  application,  whether  to  the  muscle 
or  to  the  nerve.  It  would  be  extremely  difficult 
to  lay  down  any  precise  rules  on  this  head,  it  be- 
ing certain  thJTt  the  effeift  is  very  different  under 
(Particular  circumstances,  and  depends  on  the 
'TOetal  which  is  employed  to  unite  the  humid 
>coatings.  On  this  subject  Volta  remarks,  that 
•lilver  and  Iron  have  never  produced  any  effe(5l', 
Vithout  the  intervention,  in  the  case  of  the 
H  2  former. 
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former^  of  a  solution  of  sulphurated  kali,  applied 
to  the  nerves,  at  the  same  time  that  the  mosdes 
were  moistened  with  water ;  and,  in  the  ca^e  of* 
the  latter,  of  a  similar  intervention  of  the  nitrous 
acid  and  water.  Rbinhold,  by  whom  the  sftme 
observation  was  made,  found  by  his  experiments, 
that  the  metals  which  are  the  most  efficacious 
when  applied  to  the  nerves,  are  also  the  best  cal- 
culated for  the  union  of  the  humid  coatings.  He 
leaves  to  others  the  explanation  of  the  cause  from 
whence  this  faculty  originates. 

The  discordance  of  authors  relatively  to  the 
substances  which  are  inaccessible  to  the  galvanic 
fluid  is  very  great.  Volta,  for  instance,  allows 
ice  to  be  a  condu<ftor  of  this  fluid ;  while  Valu, 
Fowler,  and  Humboldt,  seem  to  have  demon- 
strated that  it  does  not  possess  any  such  quality. 
The  latter  has  even  gone  so  far  as  to  prove,  that 
the  bones  of  animals,  attenuated  air,  the  flame 
of  a  burning  substance,  and  idio-eledlric  bodies, 
such  as  sulphur,  amber,  and  glass,  in  an  inflamed 
state,  are  conducl:ors  of  electricity,  but  not  of 
the  galvanic  fluid.  It  is  the  same  with  vapours, 
metallic  calxes,  stones  of  several  kinds,  metallic 
salts,  plants,  persons  labouring  under  rheumatic 
affeiflions,  oil,  resins,  gums,  fat,  and  dried  soap. 
This  observation  equally  applies  to  atmospherical 
air,  which,  being  either  attenuated  or  condensed, 
can  never  be  made  to  conduct  the  galvanic  fluid; 

but 
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but  which,  on  the  other  hand,  being  interpoBed 
in  the  formation  of  the  arc,  destroys  all  the  effe£t 
of  the  galvanic  operation .  This  has  been  demon- 
strated by  several  experiments. 

Physiologists  have  been  much  engaged  in  di« 
vining  the  cause  why,  among  the  diifierent  sub^' 
stances  which  have  been  tried,  some  have  ap* . 
peared  very  susceptible  of  the  gdlvanic  influence, 
others  less  so,  and  others  not  in  the  smallest  de^* 
gree.     Rbinhold  recapitulates  the  different  sen* 
timents  of  authors  on  this  head,  and  dwells  par* 
ticularly  on  the  opinion  of  Humboldt,  who  ob* 
serves  that  the  galvanic  virtue  of  substances  is  to 
be  exclusively  sought  in  their  ele6iric  faculty. 

In  discussing  the  modifications  of  the  galvanic 
forces,  resulting  from  the  chemical  mixture  by 
which  a  change  is  wrought  in  substances,  Reik- 
HOLD  divides  into  three  classes  the  changes  of 
this  description.  The  first  consists  of  those 
which  derive  their  origin  from  the  nature  of  the 
bodies,  in  which  a  change  is  brought  about  in 
consequence  of  their  chemical  mixture  having 
been  distuibed.  The  second  class  refers  to  their 
form  ;  and  the  third  to  their  union  in  an  arc. 
Relatively  to  the  substances  of  the  first  class, 
he  sets  out  by  speaking  of  those  which  are  con- 
dudlors  of  the  galvanic  fluid  ;  and  afterwards  ex- 
patiates on  those  which  have  a  non-condu(5ling 
quality.   The  question,  whether  the  different  de- 

b3  gree 
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gree  of  temperature  observed  in  bodies,  sod  which 
is  liable  to  such  frequent  changes,  establiahesj  or 
not,  some  difference  in  the  cohesion  of  the  parts^ 
has  been  subjedl  to  much  dispute,  Voi«ta  nuin- 
tains  that  such  a^difference  does  really  exist ;  but 
FowLBE  and  Pfavp  are  of  a  contrary  sentineat, 
assigning  to  metab  in  a  heated  state,  powers  si*< 
milar  to  those,  the  temperature  of  which  has 
not  been  changed.  Humbouit  reconciles  these 
different  opinions,  by  observing,  that  the  degree 
of  heat  which  arises  from  the  combustion  of  me-* 
tals,  is  not  in  reality  sufficient  to  change  their 
nnture,  but  that,  when  they  are  only  sightly 
heated,  this  ceases  to  be  the  case,  it  being  demon -> 
strable  that  they  are  then  possessed  of  a  greater 
energy.  Reinholp  had  occasion  to  notice  the 
truth  of  this  observation ;  for,  having  applied, 
according  to  tlie  prescribed  mode,  and  at  the 
same  time,  to  several  equally  incitable  frogs,  zino 
and  tin  heated  to  the  same  degree,  he  occasion- 
ally observed  a  kind  of  sportive  adlion  between 
these  metals,  insomuch  that,  either  successively 
or  nearly  so,  the  one  had  the  superiority  over 
the  other  in  its  efFe6ls.  This  result  was  not  only 
obtained  by  the  means  of  heterogeneous  metals, 
but  likewise,  on  two  occasions,  by  a  recurrence  to 
a  lamina  of  zinc,  divided  into  two  parts. 

His  experiments  relative  to  the  changes  of  the 
forces  of  metals,  by  the  fridlion  of  certain  bodies, 

more 
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more  especially  when  moistened,  are  equally  cu- 
rious and  interesting,  as  they  demonstrate  that  a 
metallic  coating,  when  very  slightly  touched  by. 
hnother  metal,  and  that  at  a  single  poiut  only, 
takes  tiie  nature  of  the  latter  substance.  Hum- 
boldt obtained  the  same  result,  by  conne£ting 
with  the  homogeneous  coating  of  the  muscle,  at 
another  point,  and  at  a  very  considerable  distance, 
a  bit  of  silver,  with  which  he  touched,  slightly, 
and  at  a  single  point,  a  piece  of  zinc.  As  a  proof, 
nccordinc:  to  Ueinhold,  that,  in  this  experiment, 
the  silver  had  in  reality  assumed  tiie  nature  of 
the  zinc,  he  ob3er^-es,  in  the  first  place,  that  the 
lamina  of  silver,  which  liad  not  previously  excited 
nny  contradiion,  excited  very  pow;;rftiI  ones, 
■*vhen,  its  two  evtrcmities,  having  been  rubbed  by 
the  rinc,  the  riHiriaiic  acid  with  which  the  mus- 
cles were  coated,  wtts  united  with  the  deliquescent 
oil  of  tartar  placed  beneath  the  ntrves;  an^l, 
secondly,  that  the  above  lamina  of  silver,  being 
brought  in  contaft  with  the  nerves,  produced 
very  powerful  movements  ;  but  was  not  produc- 
tive of  the  slightest  contraflion  when  it  was  ap- 
plied to  tlie  muscles.  From  whence  these  effeAi, 
as  well  as  several  others  which  Reiniiold  recapt' 
tulutes,  originate ;  and  how  a  metal  which  is 
touched  receires  the  influence  and  the  energy  of 
^-the  metal  which  touches  it,  are  questions  whieli 
have  not  been  defioedj  any  more  thonthechangesof 
114  the 
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the  powers  of  the  exciting  arcs,  when  blended 
with  each  other. 

The  influence  of  the  form  of  the  exciting  arcs 
on  the  galvanic  phenomena^  is  next  considered  by 
Reinhold,  who  denies  that  the  faculty  of  chang- 
ing the  effedls  can  be  assigned,  as  Fowlee  as^ 
serts,  to  the  thickness  of  the  exciting  arcs.  It 
has  been,  he  observes,  experimentally'  demon*-^ 
strated,  that  a  metallic  substance,  covered  with 
a  heterogeneous  plate  of  metal,  produces,  in  gal- 
vanic processes,  merely  the  forces  inherent  in  the 
metal  which  is  employed  as  a  covering.  Those 
who  contend  that,  in  proportion  to  the  size  of 
the  coatings,  the  galvanic  phenomena  are  re* 
inarkable,  have  been  also  led  into  an  error.  It 
has  been  clearly  proved,  both  by  Galvani  and 
Humboldt,  that  the  greater  or  smaller  dimen- 
.sions  of  the  coatings  of  the  nerves,  have  no  de- 
gree of  inflvience  in  changing  the  galvanic  phe- 
nomena. 

On  the  subjc(ft  of  the  different  galvanic  phe- 
nomena produced  by  the  diverse  arrangements  of 
the  arc,  KEiNiioj^n  is  of  opinion  that  the  changes 
which  result  from  the  assemblage  of  the  sub- 
stances forpjed  into  an  arc,  spring  from  two 
sources,  the  first  of  whicji  consists  in  the  place 
where  tliese  substances  are  stationed  in  the  arc, 
and  the  second  in  the  mode  of  arranging  them. 
He*  thinks  that  the  arc  ought  to  be  so  arranged 

as 
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as  to  embrace  the  nerve  itself ;  and  tli^t  it  should 
be  entirely  composed  of  exciting  substances,  with^ 
out  being  intercepted  by  any  non-exciting  body. 
The  mode  of  distributing  the.two  coatings  in  the 
arc  is  by  no  means  indifferent :  or^  in  other 
words,  it  is  not  the  same  thing  to  place  one  of 
them  beneath  the  nerve,  and  the  other  beneath 
Jthe  muscle,  or  to  follow,  in  stationing  them,  a 
contrary  order.  According  to  the  observations 
of  the  most  skilful  naturalists,  any  exciting  sub- 
stances whatever,  whether  dry  or  moist,  are  ex- 
tremely efficacious  when  one  of  them  is  applied 
t9  the  nerve,  and  the  other  to  the  musde.  As 
soon  as  they  are  brought  in  contact,  or  united 
with  other  exciting  substances,  very,  singular'gal- 
vanic  phenomena  are  displayed*  But  when  they 
are  disposed  in  a  contrary  order,  these  pheno* 
mena  either  cease,  or  are  diminished  in  a  greater 
or  less  degree,  and  do  not,  in  the  former  case, 
again  manifest  themselves  until  the  coatings  are 
reciprocally  withdrawn  from  each  other.  It  has 
not  hitherto  been  discovered  to  what  cause  this 
chara6):eristic  of  exciting  substances  is  to  be 
ascribed  ;  and,  indeed,  physiologists  are  not  as 
yet  agreed  as  to  their  mode  of  a<^ion.  Voltj. 
asserts,  that  the  coating  applied  to  the  nerve  gives 
a  forward  impulsion  to  the  ele6tricity,  which  is 
attracted  by  the  coating  of  the  muscle.  Bec- 
kett's 
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nett's  doubler  appears,  however,  to  have  proved 
that  this  cannot  be  true. 

Rbinholi>  classes  under  several  heads  the  arcs 
he  employed,  and  explains  his  theory  by  tables, 
which  are  not  inserted  here,  because  the  subjed 
will  be  fully  explained  in  the  sequel  of  thiswoit. 
He  points  out  the  different  descriptions  of  arcs, 
and  the  form  of  each  of  them,  to  give  a  <xMAipre« 
hensive  idea  of  the  effedls  they  produce  in  gal- 
vanism. After  having  demonstrated  the  mode  in 
which  the  effeft  is  changed,  by  the  places  which 
the  different  Substances  occupy  in  the  arc,  he 
shews  how  it  is  also  changed  by  the  manner  of 
conne6ling  the  different  substances.  He  observes 
that,  should  there  even  be  a  deviation,  in  re- 
peating his  experiments,  from  the  rules  he  has 
laid  down,  they  would,  nevertheless,  be  attended 
by  a  successful  result,  seeing  that  it  is  of  litde 
importance  whether  a  long  or  short,  thick  or 
thin,  compound  or  simple,  connedling  body,  be 
employed.  It  is  equally  unimportant  whether 
the  dry  coatings,  whatever  their  dimensions  may 
be  in  length  or  in  thickness,  be  contiguous  to 
each  other,  or  to  the  connecting  body.  But  on 
the  other  hand,  when  humid  coatings  are  em- 
ployed, the  efFeA  constantly  decreases  with  their 
augmented  length.  Several  instances  of  very 
long  arcs  have  been  given  by  different  authors, 

who 
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Ivho  have  proved  that  the  galvanic  fluid  is  con- 
diid:ed  equally  well  by  arcs  formed  of  animal 
parts,  or  entire  animals,  superadded  to  the  coat- 
ings ;  by  a  single  person,  or  by  several  ;  by  very 
long  wires  of  dilFerent  metals  ;  by  very  long  hu- 
midcords;  and  by  very  abundant  fluids.  Aldjni 
has  employed  cords  of  two  hundred  and  fifty  feet 
in  length. 

Reinhold,  who  is  apprehensive  that  he  may 
be  accused  of  having,  in  speaking  of  the  move- 
ments, confounded  those  which  arise  from  the 
sensations,  observes  that  he  is,  in  common  with 
many  other  naturahsts,  persuaded  that  they  ars 
derived  from  the  same  source  with  the  other 
movements,  insomuch  that  what  has  been  said 
of  the  one  description  may  be  applied  to  the 
pther.  In  support  of  this  do<£lrine  he  brings  for- 
ward the  following  proofs :  In  the  first  place, 
that  they  both  originate  from  the  same  condi- 
tions, and  are  excited  by  similar  substances,  ap- 
plied in  the  same  manner  to  the  same  animal. 
Secondly,  that  whatever  deranges  either  of  them, 
produces  a  change  in  the  other.  And,  lastly, 
that  they  frequently  take  place  at  the  same  time, 
by  the  means  of  the  galvanic  apparatus,  in  the 
same  animal,  and  in  the  same  organ.  He  after- 
.*vards  enters  into  a  brief  exposition  trt"  the  parti- 
cular forms  of  the  arc  by  which  the  galvanic 
pheno- 
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phenomena  arc  alike  produced  in  each  state  of 
incitability. 

Researches  have  been  made  by  Humboldt,  to 
ascertain  whether,  when  the  arc  has  been  formed 
in  any  given  part  of  an  animal,  the  galvanic  phe- 
nomena might  be  produced  by  the  means  of  ano- 
ther arc  established  in  the  same  part.  He  is  not 
only  convinced  that  this  may  happen,  but  dso 
that  the  second  arc,  if  formed  of  more  efficacious 
Substances^  would  predominate  over  the  first. 
Reinhold  observes,  that  he  has  not,  in  every 
instance,  found  it  necessary  to  recur  to  more 
powerful  substances  ;  and  that,  by  employing  a 
second  arc,  composed  in  the  same  way  with  the 
first,  he  has  frequently  given  birth  to  new  com- 
fnotions,  &c.  After  repeated  experiments  on 
this  subjcft,  with  two  arcs  of  a  different  nature, 
it  has  been  demonstrated  that  the  movements 
have  been  excited,  sometimes  with  the  one,  and 
sometimes  with  the  other,  according  to  the  cir- 
cumstances. 

The  seventh  sccTtion  of  Reinhold's  disserta- 
tions is  devoted  to  considerations  on  the  nature 
of  the  galvanic  fluid,  and  sets  out  by  an  inquiry 
whether  this  fluid  a&s  on  the  organized  parts  of 
animals,  after  the  manner  of  mechanico-chemical 
stimuli.  As  there  is  no  one  who,  after  all  that 
has  been  hitherto  said  on  the  subje6l  of  galvanism, 

does 


does  not  compreliend  that  its  phenomena  ought^ 

to  be  classed  among  those  which  ensue  yvhen  the: 

organized  parts  of  animals  are  put  in  a6lion  ;  an<i! 

likewise  that  these  phenomena  are  infinitely  more 

adtive  when  certain  substances,  formed  into  an 

arc^   are  applied   to  the .  animal ;  the  following 

questions   will   necessainly   be  asked :    fP7iat  h 

this  excitement  ?  Does  it  arise  from  the  animal,  or 

from  Hue  arc  f  What  is  its  nature  ?  And  what  are 

the  laws   it  follows  P     Such  are   the   questions 

which  Reinhold  proceeds  to  discuss. 

Relatively  to  the  first  of  them,  he  defines  what 
he  calls  the  agent,  the  excitement,  incitamentum ; 
and  which,  according  to  him,  is  a  body  applied  to 
a  living  and  organized  part,  by  which  this  part  is 
made  to  re-a6l  on  itself,  according  to  the  laws 
Nature  has  established.  This  agency  he  classes 
under  tliree  different  heads,  77iechanica/,  clie^nical^ . 
and  mixed.  He  entitles  ^ncchanical  the  one 
which,  being  found  in  the  animal  in  any  manner 
whatever,  disturbs  in  a  greater  or  less  degree, 
without,  however,  bringing  about  a  diredl  change 
in  their  nature,  the  situation  and  natural  union  of 
the  elementary  parts,  by  mechanical  powers,  by^ 
their  specific  gravity,  by  their  mass,  and  by  the 
celerity  which  this  agent  communicates  to  them* 
He  denominates  chemical  agent,  the  one  which, 
being  applied  to  the  above  parts,  ads  by  its  affi* 
nity  with  their  constituent  elements,  and  which 

some- 
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sometimes  affords  produ^b^  sometimes  subtract 
tions,  and  sometimes  both.  The  mixed  agent  he 
makes  to  consist  of  the  combination  of  tiie  two 
preceding  ones,  when,  in  consequence  of  the  de- 
rangement of  their  parts,  they  operatCj  either  hj 
mechanical,  or  by  chemicid  forces,  according  to 
their  nature  ;  and  when  the  parts,  disumted  bjr 
these  forces,  are  subje£led  to  the  one  or  to  flie 
other  of  the  particular  changes,  which  may  some- 
times be  called  mechanico-chemical^  and  at  othef 
times  chemico-meehanicaL  Agents  of  this  de- 
scription have  been  entitled  by  authors  physical ; 
but  Rbinholb  is  fully  persuaded  that  the  name 
of  mixed  is  better  suited  to  them. 

His  next  inquiries  are,  whether  the  agent  by 
which  the  galvanic  phenomena  are  excited,  is  pro- 
perly entitled  ^uid ;  and  what  is  its  nature.  He 
regards  the  galvanic  fluid  as  particular,  as  differ- 
ing from  all  others,  and  as  having  a  nature  ap- 
propriate to  itself.  He  endeavours  to  prove,  in 
the  first  place,  that  it  does  not  belong  to  either  of 
the  kinds  of  fa6litiou8  air.  Secondly,  that  it  is 
not  magnetical,  has  been  evinced  by  the  observa- 
tions of  Fowler,  Creve,  Pfaff,  and  Humboldt, 
who  have  found  that,  in  galvanic  experiments 
made  with  the  magnet,  no  other  efffecSls  were 
produced  on  the  animal  than  those  which  are 
brought  about  by  a  non -magnetized  iron.  Lastly, 
the  great  majority  of  naturalists  have  considered 

the 


the  galvanic  fluid  as  identical  with  the  eleSric 
fluids  and.  baye  conjectured  it  to  issue,  accordiBg 
tp  sqme,  from  the  animal>  and  according  to 
others,  from  the  arc.  Several  of  them  assign 
ite  cause  to  cooomon  eledlricity ;  and  others  to  a^ 
modified  eledirieity,  changed  in  th^  animal  by 
llie  vital  force.  After  having  detailed  the  rea-^ 
sons  and  experiments  on  which  the  similitude 
and  the  relation  of  the  galvanic  and  eledric  fluida 
are  established,  Reinhold  relates  those  also,  of 
ssk  equally  powerful  nature,  by  which  this  simi- 
litude and  this  relation,  are  destroyed.  He 
shews  that  the  laws  by  which  the  galvanic  fluid 
aiB:s,  are  very  different  from  those  followed  by 
elei^ricity ;  and  concludes,  with  Humbo]:j>t,  that 
as  the  galvanic  fluid,  when  compared  with  the 
elediric  fluid,  has  its  accordances  and  its  diffe- 
rences, there  are  elements  which,  by  a  kind  of 
niixture  and  intermarriage  with  each  other^ 
sometimes  produce  the  eledlric  fluid,  sometimes 
the  magnetic  fluid,  and  at  other  times  the  gal- 
vanic fluid. 

Whether  the  galvanic  fluid  is  secreted  in  tlie 
animal,  is  next  considered.  Reinhold  deduces 
the  proof  that  Uiis  fluid  flows  from  the  animal, 
from  tlie  circumstance  of  the  contradlions  ex.- 
cited  when  an  animal  part  unites  the  muscle  with 
the  nerve.  These  contra6lions  al^  ensue  when 
the  dissedted  nerve  is  brought  in  conta<5l  with 

the 
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the  part  to  which  it  belonged ;  and  this  likewise 
^happens  wlien  the  muscle  has  been  gently  brought 
over  the  nerve  with  which  it  is  organically  united, 
without  the  process  being  attended  by  a  dis* 
charge  of  blood,  or  of  any  other  humour.  These 
experiments,  in  the  opinion  of  Reinhold,  are 
calculated  to  remove  every  suspicion  that  the 
fluid  is  not  innate  in  the  animal  organization. 
He  observes  that  it  differs  according  to  the  class 
and  nature  of  animals^  and  that  its  secretion  be<- 
longs  exclusively  to  animated  beings.  The  gal* 
vanic  fluid  accordingly  appears  to  be  formed,  in 
the  body  of  animals,  of  elements  calculated  U> 
excite  in  the  nerves  motion  and  sensation.  It 
has  been  ascertained  by  the  observations  made 
by  naturalists,  that  each  organ  has  the  faculty 
of  secreting  the  fluid  necessary  for  the  exercise 
of  its  functions ;  but  that  the  nerves  alone,  and 
not  the  other  parts  of  animals,  possess  the  power 
of  secreting  the  galvanic  fluid.  If,  however, 
attention  be  paid  to  the  efFccls  which  result  from 
the  combination  of  the  irritable  fibre  with  the 
sensible  (ibre,  it  will  appear  that  the  elements 
of  this  fluid  are  constantly  and  invariably  the 
same.  It  may  indeed  be  modified  to  such  a 
degree,  as  to  lead  to  a  conjeclure  that  when  it 
resides  in  the  muscle,  it  deviates  in  some  mea- 
sure from  its  primitive  state  in  the  nerve  itself. 
All  those  by  whom  galvanic  experiments  have 

been 
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bferi  made,  have  acknowledged  that  the  galvanic; 
phenomena  are  modified  by  the  application  of 
the  Urc  to  the  animal.  Rssinhold  dire<Sts  his  in-- 
quify.to  the  irfode  in  which  this  i^  effected.  How-' 
eVef  fully  he  is  persuaded  of  this  modification  in 
thd  arc,  he  exprefsses  liis  doubts  telati\^e  to  thfe 
quality  which  his  been  changed ;  artd,  without 
endeatoaring  to  remove  this  difficulty j  proceeds 
to  consider  thediredlidn  of  the  fluid  circulating  in' 
the  arc.  It  would  appear  by  the  galvanic  pheno- 
mena, that  this  dire6li6n  is  invariably  the  same ; 
for,  independently  of  the  savour  which  remains 
on  the  tdngue,  and  df  the  throbbing  pain  which 
Humboldt  felt  three  or  four  times,  after  having 
applied  the  arc  to  parts  which  had  been  blistered, 
the  painful  sensation  in  question  proves^  by  its 
teturn,  the  constant  presence  of  the  fluid.  So 
long  as  the  application  df  the  arc  continues  to  " 
be  made,  the  pain  subsists,  diminishing  in  pro- 
J)ortion  as  the  incitability  is  enfeebled,  and  be-* 
coming  more  acute  when  this  quality  is  excited 
by  the  means  of  bil  of  tartar*  Several  experi- 
ments are  cited  by  Rbinhold,  which  prove  that 
£he  galvanic  fluid  does  not  possess  the  same  fa- 
culty o(  excitement  throughout  the  whole  extent 
and  compass  of  the  arc.  They  also  demonstrate 
that  this  fluid  may  proceed  in  the  nerves  in  an 
fitecending,  as  well  as  in  a  descending  diredlion  ; 
but  th^t,-  as  it  descends  with  greater  facility,  the, 
TOL.  I.  s  galvanic 
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galvanic  phenomena  are  most  powerful  when  th^t 
route  is  followed. 

In  the  recapitulation  of  his  opinion  <of  th^ 
galvanic  fluid,  Rein  hold  enters  into  an  |3X|)tana* 
lion  of  several  of  its  phenomena,  and,  among 
others,  describes  the  mode  in  which  the  nerves 
a(ft,  in  the  production  of  movement  and  sensa- 
tion. He  also  points  tut  the  manner  in  which 
the  contradlions  take  place,  in  an  oi^nized  part 
extracted  from  an  animal,  and  prepared  accord- 
ing to  the  method  which  has  been  described ;  as 
well  as  the  cause  of  the  galvanic  phenomena  that 
ensue,  when  the  coatings  are  reciprocally  with- 
drawn from  each  other.  After  having  entered 
into  several  explanatory  details  relative  to  the 
experiment  of  the  ligature  made  on  the  muscles 
of  frogs,  and  to  the  application  of  the  coatings, 
he  concludes  the  present  sedlion  by  the  following 
observation,  with  which  he  endeavours  strongly 
to  impress  his  readers ;'  that  the  galvanic ^uid^  if 
its  existence  he  granted,  is  of  a  different  nature 
from  the  eleSlric  Jliiid,  and  that  it  is  excltisively 
supplied  by  animated  beings. 

The  subject  of  the  eighth  and  last  sedlion  of 
Rein  hold's  Dissertations,  consists  of  the  ex- 
position of  the  hypothesis  of  different  authors 
on  the  galvanic  fluid.  These  hypothesis  he 
brings  into  two  classes,  as  they  relate  to  the  seat 
which  is  assigned  to  the  cause  of  the  pheno- 

naena. 


Iqeoatf  ^Tb^^irst  o^  t^e^.clas^^^b^lpngs.  tp  the 
afiip^  >yhich  is  tQ.be, g^ly^^H^^  ^ijdJthp,s?-. 

'«>M  t<^jfhfi;6ul?sfafl(^aHaiejl,tft  to 

the  arc.  As  tbe-g^Lvamc  pbpBop^^  .4re  ^^c?H}ed 

by  several  physiologists  to  eledlricityi  Re  I  nh  old 
makes  a  new  divisionj  relatively  to  the  Opinion 
of  those  who  assert  that  the  galvanic  and  electric 
fluids  are  the  same,  and  of  those  who  are  per- 
suaded that  the  formef  differs  from  the  latlet*. 
Under  the  first  head,  or  division,  he  ranges  (Bal- 
VANi,  Aldini,  Valli,  Corradobi^  Volta  in  the 
early  time  of  the  discovery,  Schmuck>  Voigt, 
and  HupELAND ;  and  under  the  secotid>  Fow- 
ler and  Humboldt.  Of  the  latter  division  he 
makes  subdivisions,  in  the  first  of  which  he 
comprehends  Volta,  Pfaff>  Wells^  Yelin, 
and  MoNBo ;  and  in  the  second^  Cbeve  and 
JFabroni,  The  other  authors  hot  having 
openly  avowed  their  opinion^  he  passes  over  in 
silence. 

It  is  not  necessary  for  us  to  follow  him  in  the 
Exposition  he  makes  of  the  sentiments  of  the 
above  authors,  because,  in  continuing  to  gii^e  a 
particular  account  of  their  works,  we  shall  speak, 
at  the  same  time,  of  their  doctrine,  and  of  the 
different  hypotheses  they  have  entertained  re- 
latively to  the  nature  of  thfe  galvanic  fluid,  as 
we  have  already  done  in  the  case  of  Galvanx 
and  others.    The  analysis  we  have  made  of  the 

s  2  very 
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very  learned  dissertations  of  Rbihbox.9,  will  lead 
to  a  thorough  comprehension  of  v/hzt  is  to  fol- 
low^ in  the  subsequent  parts  of  the^  Hxsto&t 
OP  Galvaitism  we  have  undertaken^ 
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CHAP.  IX. 


On  the  irritation  of  the  muscular  fibre — Relatimi 
betiveen  galvanic  irritability  ejid  incitabiUty—' 
Galvanic  experiments  wade  on  the  different 
classes  of  animals  with  various  substances — 
JjClter  of  Vassalli  Eanoi  on  the  phenornena 
■of  the  torpedo, 

THE  produiftion  of  the  celebrated  Hum- 
boldt, entitled  "  Experiments  on  Galvanism, 
and,  in  .general,  on  the  Irritation  of  the  Mus- 
cular and  Nervous  Fibres,"  comes  next  under 
consideration.  The  frequent  references  which 
have  been  made  to  the  researches  of  this  na- 
turalist, must  have  inspired  qur  readers  with  a 
wish  to  become  fully  acquainted  -with  a  work  of 
so  distinguished  a  merit. 

The  appellation  .of  galvanic  phenomena  hai 
been  bestowed  on  die  property,  obser\'ed  in  the 
.nerves  of  animals,  of  being  irritated  by  metallic 
substances,  by  substances  containing  charcoal, 
and  even  by  the  contact  of  living  organs.  By 
s  3  this 
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this  irritation  the  very  manifest  contradlions  and 
movements  in  the  muscles,  or  in  the  organs  pro- 
vided with  muscular  fftres^-araexcited^  when  the 
parts  in  question  are  subjefted  to  galvanic  ex- 
periments. The  "greatSsr  "33 vantage  wnich  has 
been  hitherto  derived  fcppi  tl^is  irritation,  when 
employed  in  the  examiriatlori  of  the  strudlure  of 
in3e6l&^and  .vi(ormj5,  consists,  in  the  dispoyery^of 
a  nervous  system,  before  unknown,  in  several  of 

^these  animals. 

_  If  it  would  be  a  vajri  pretension  to  attempt 
to  explain,, by  the  influence  and  efFe6ls  of  gal- 
vanism, air  the  phenomena  of  the  nervpl^  sys- 
tem, it  is,  notwithstanding,  ihcon testable,  that 
this  discovery  has  contributed  essentially  to  the 

*  knowlcd^  we  Had  already  acquired  relatively  to 
the  nerves.     It  has  done  still  more,  by  supplying 

'us  with  the  happy  idea  of  its  application  to  me- 
dicitie*;  an  idea  founded  on  its  having  been  some- 
times successfully  employed  in  restoring  to  life 

*  animals  apparently  dead  from  asphyxia.  The  dif- 
•ftrent   agents    calculated    to   produce,    on   the 

'  nervous  a6lion,    any  influence  whatever,    must 

naturally   excite  the  attention  of  physiologists 

'"find  medical  men.     It  is  now  placed  beyond  the 

reach  of  any  doubt,  that  galvanism  is  one  of  the 

most  powerful  agents  of  this  description. 

In  this  publication  before  us,  Humboldt  sets 

out  by  developing  the  results  of  his  experiments, 

'  ^  and 
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and  by  giving  an  exposition  of  the  simple  and 
convenient  forms  by  which  he  has  contrived  to 
express  them  with  all  possible  brevity;  The 
principal  basis  of  these  forms  consists  in  th^  well- 
fouhded  distin6lion  of  substances,  so  far  as  they 
relate  to  galvanism,  into  exciters,  consisting  of 
metals  in  general,  as  well  as  all  substances  which 
contain  charcoal ;  and  into  condudtors,  compre- 
hending humid  substances  of  every  description. 
At  the  time  when  Humboldt's  work  appeared, 
its  author  had  already  obtained  from  hisf  expe- 
riments the  fullest  convidlion  that  the  efFecSs 
of  galvanism  are  not  ascribable  to  eleftrieity. 
He  accordingly  attributes  them  to  a  fluid  inhe- 
rent in  living  animals,  which  fluid  he  conjeiftures 
to  be  analogous  to  magnetism  and  ele<Sricity. 

The  earliest  experiments  undertaken  by  M. 
Humboldt  were  made  in  the  presence  of  M.  Veisi.- 
TURi,  Professor  of  Natural  Philosophy  at  Modena, 
^nd  several  medical  students.  The  brain  and 
spinal  marrow  of  sevej'al  frogs  having  been  denu^ 
elated,  and  the  animals  properly  armed,  powerful 
contra(5iions  were  produced,  by  the  application 
of  the  galvanic  arc,  in  the  muscles  of  the  thorax 
and  abdomen,  together  with  slight  eontradlions 
of  those  of  the  thigh.  Violent  convulsive  move- 
ments of  the  eyes  were  at  the  same  time  per- 
ceived. The  diaphragm,  a  muscle  which  is  in 
all  cases  extremely  sensible  to  galvanic  irritation^ 

s  4  was 
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was  alsQ  powerfally  contracted.  As  sqon  as  th^ 
femoral  and  sciatic  neives  had  been  irritated, 
violent  contradions  were  produced  in  the  thigh. 
The  experiments  pn  the  hearjt  and  stomach  werp 
attended  by  but  little  efFe6l.  When,  however, 
they  were  made  on  the  heart  of  a  dog,  separated 
from  the  animal,  and  which  had  ceased  to  con- 
tract, the  contra<9tions  were,  in  a  certain  degree, 
renewed ;  and,  in  the  case  of  the  stpmach,  a 
feeble  motion  was  induced  in  the  parts  touched 
by  the  zinc.     These  experiments  were  afterwards 

• 

repeated  with  pretty  nearly  the  same  results. 

As  the  efficacy  of  the  different  substances  cal- 
culated to  bring  abpjat  the  galvanic  phenomena, 
and  the  modifications  they  induce,  had  attracted 
the  attention  of  naturalists  much  more  than  the 

• 

cffe<Sts  of  galvanism  itself  on  the  animal  economy, 
Humboldt  determined  to  direCl  his  experiments 
more  particularly  towards  that  aim.  The  cau§e 
of  galvanism  appearing  to  reside  in  the  body  of 
living  animals,  and  to  be  merely  excited  to  adlion 
by  extraneous  substances,  he  was  of  opinion  that 
the  strongest  light  would  be  thrown  on  this  sul?- 
je&  by  the  observation  of  the  phenomena  the 
animals  should  present.  Now,  seeing  that  the 
magnetic  and  electric  fluids,  which  are  neither 
peculiar  to  the  living  body,  nor  secreted  in  its 
brgans,  as  the  galvanic  fluid  appears  to  be,  have, 
notwithstanding,  a  decisive  influence  on  the  hu- 
man 


21UMB0U)T's  galvanic  £XV£aiM£l7T^.    26j^ 

inan  body,  as  well  in  a  healthy  conditipiji  ^  in  ;^ 
diseased  state,  ought  it  not  tp  be  concluded  th^t 
galvanic  researches  are  equally  interesting  to  th^^ 
physician  and  tp  the  naturalist,  insomuch  that 
'  the  former  has  a  right  to  hppe  that  galv^nisiyi 
may  one  day  be  usefully  employed  in  the  cure  of 
particular  diseases  ?  What  has  been  practically 
.done  on  this  head  by  different  physiologists  and 
professional  men,  will  form  the  subjec5l  of  a  fu- 
ture chapter  of  this  work.  In  the  science  of 
galvanism,  as  well  as  in  every  branch  of  natural 
philospphy,  fadls  alone  are  stable  and  certain. 

The  following  are  the  conclusions  drawn  by 
Humboldt  frpm  his  early  experiments. 

3  st.  That  the  effeils  of  galvanism  are  alm<j|Bt 
invariably  different  on  the  diverse  parts  of  ani- 
mals; and  that  multiplied  and  well  combined 
jeipe.rijnejits  on  this  subjfedl  may  furnish  a  toler- 
ably coiTjei^  appreciation  of  the  respective  forces 
of  the  different  extensor  and  Aexjor  muscles. 

2dly,  That  in  animals  with  warm  blood  the 
diaphragm  is,  of  all  the  muscles,  if  not  tlie  most 
powerfully,  at  least  the  most  easily  irritable,  it 
being  the  only  one  which  constantly  contracts 
ivith  violence  in  the  experiments  without  a  chain. 
This  may  lead  to  a  knowledge  of  the  respe^ive 
degrees  of  irritability  residing  in  the  different 
muscles. 

3d]y,  That  the  living  nerves  and  muscles  are 

surrounded 
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surrounded  by  an  a(5Hve  and  sensible  atmosphere; 
and  that  the  action  of  the  nerve  extends  beyond 
the  points  at  which  they  are  distribated. 

4thly,  That  galvanism  is  capable  of  excitiTig 
movements  in  the  organs  which  are  altogether 
independent  of  the  will,  such  as  the  heart  and 
stomach. 

5thly,  That  the  galvanic  fluid  proceeding  from 
an  animal  with  warm  blood,  may  adl  efficaciously 
on  the  human  nerves. 

6thly,  That  the  galvanic  phenomena  tale 
place  without  the  intervention  of  any  external 
body  ;  which  proves  that  the  cause  by  which 
they  are  produced  resides  in  the  living  animal 
economy. 

7thly,  Tliat  these  phenomena  may  be  made 
apparent  by  the  nieans  of  a  chain  established  be- 
tween two  points  of  one  and  the  same  nerve,  as 
well  as  in  the  organs  brought  in  contadl  with  any 
part  of  the  chain. 

Sthly,  and  lastly,  That  by  the  discovery  of  gal- 
vanism, anatomi&ts  are  supplied  with  the  means 
of  ascertaining,  in  small  animals,  the  nervous 
distributions  which  arc  too  minute  for  dissedlion. 

From  a  comparison  between  mnny  of  the  phe- 
nomena of  livino;  bodies  with  those  of  dead  mat- 
ter,  HuMBOLBT  conceived  the  idea  of  institut- 
ing a  series  of  experiments  by  which  vitality 
should  be,  as  it  w^ere,-  subjedted  to  a  chemical 

analvsis. 
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*3«nalysis,   ^ He* -thinks  it  by  no  means  impossible 

'  to  pr0v«  that  the  irritability  of  the  constituent 

■  parts  is  not  Redely  ascribaWe  to  oxygen,  as  seve- 

"ral  modem  physiologists  have  apprehended,  but 

that  azote  aftd  hydrogen  contribute  greatly  to  this 

property  of  thie  animal  fibres,  which  seems  prih- 

''cipally  to  depend  on  the  reciprocal  aAion  of  these 

,^fFerent  principles. 

THhe  gahranic  phenomena  constitute  his  earliest 
inquiry,  because  he  flatters  himself  that  his  expe- 
ritnents  halve  enabled  him  to  prove  incontestably, 
that  ill  these  surprizing  phenomena  the  stimulus 
arises  in  a  great  measm^  from  the  organs,  which 
cannot,  oh  that  account,  be  considered  as  merely 
passive.  Laying  aside  every  theoretical  prgu- 
dice,  in  investigating  the  subjedl  he  has  in  view, 
he  gives  such  a  diredlion  to  his  experiments,  as 
if  he  meant  to  prove  the  very  reverse  of  the  hi- 
therto received  principles  relative  to  metallic  irri- 
tation. He  states  separately,  and  in  the  order  in 
which  they  presented  themselves,  theobservations 
he  made  during  three  years,  as  well  on  this  sub- 
jeA  in  particular,  as  on  metallic  irritation  in  ge- 
.  neral.  ' 

His  attention  having  been  drawn  aside  by  oc- 
cupations of  a  very  different  nature,  he  did  not 
think  of  publishing  these  observations,  until  the 
work  of  our  countryman  Fowler,  on  the  galva- 
tiic  influence,  enlightened  him  as  to  the  result  of 
his  experiments,  which  he  had  hitherto  appre- ' 

hended 
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bended  to  be  peculiar  to  himself  at  the  same 
time  that  similar  ones  were  made  by  other  nab}- 
r-alists,  such,  for  instance,  as  the  experiment  of 
Mr.  G.  HuNT£B,  of  York,  which  consists  ia  per- 
ceiving the  flash  of  light  without  any  contad  of 
metals  with  the  eyes.  Humboldt  now  began  to 
C(A]e&,  all  that  had  appeared  on  this  subjei^  from 
the  origin  of  the  discovery,  and  to  compare  tiof$ 
information  with  what  he  had  himself  observed. 
On  reading  the  excellent  produAion  of  Pfaff  on 
nnimal  ele^StrLcity  and  irritability,  he  £oimd,  in  the 
very  considerable  number  of  experiments  it  con- 
tains, and  in  the  important  observations  by  which 
they  are  accompanied,  results  exa<5lly  similar  to 
those  with  which  his  own  experiments  had  sup- 
plied hixn,  notwithstanding  a  very  different  mode 
of  investigation  had  been  pursued  by  their  author. 
He  was  now  obliged  to  renew  his  labours,  and  to 
suppress  the  one  half  of  his  experiments.  By  the 
observations  of  Messieurs  Jurine,  Pictet,  Scak- 
PA,  Tralles,  and  Volta,  in  whose  presence 
they  were  made,  he  corre<9ed  his  ideas ;  and  tjieir 
refledions  conduced  him  to  new  r<esearches. 
After  having  colle6lcd  all  the  observations  on 
irritation^  and  on  thye  ijicitability  of  the  sensible 
and  irritable  fibre,  he  began  with  the  history  of 
galvanism,  as  it  lc<l  to  the  other  researches. 
Finding  it  unnecessary  to  go  into  any  length  of 
detail,  in  penning  ^own  his  observations,  the  re- 
sults alone  being  of  importance,  he  has  contented 

himself 
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knself  with  pointing  out  the  principat  ones,  in 
loose  way,  and  in  the  order  in  which  they  pre- 
Inted  themselves  to  him.  His  work  is  divided 
Co  ten  seiflions,  which,  after  the  inlrodnciory 
itter  already  ^ven  in  substance,  form  a  kind  of 
lie  of  the  siibjedls  they  discuss,  and  of  which 

following  is  a  brief,  but  faithful  analysis. 
In  the  first  seiftion  the  author  expatiates,  In 
leral  terms,  on  the  relation  between  galvanic 
ilation  and  incitabiHty,  and  on  the  different 
■ees  of  the  former,  which,  he  obsers'es,  a£ii 
;clusively  on  organic  parts  provided  with  sen- 
ftble  fibres.  The  indirect  efFetSs  on  inanimate 
patter,  conneifted  with  incitable  bodies,  have 
|bt  as  yet  been  experimentally  demonstrated. 
PtuMBOLDT,  with  great  care,  and  with  an  extreme 
jjttention,  caused  the  galvanic  fluid  to  pass 
[orough  coloured  liquors,  and  through  other 
pquors  saturated  witli  salt.  These  esperiments 
te  repeated  with  great  assiduitv,  but  could  never 
Iftserve  the  smallest  alteration  in  the  colour,  tem- 
ptrature,  evaporakilily,  or  crystallization  of  the 
plids  in  question,  in  the  chemical  combination  of 
fehich  he  could  not  perceive  the  smallest  change 
|b  have  been  wrought.  It  did  not  produce  any 
■insible  effect,  either  on  the  eleiftrometer,  or  on 
te  intermediate  rings  of  the  galvanic  chain,  so 
Ho  indicate  its  strii5i  analogy  with  the  eleiftric 
Bid. 

fin  his  investigation  of  the  efFctSs  of  a  metallic 
r  stimulus 
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making  any  other  alteration,  a  bit  of  brass  wire 
was  substituted  to  the  glass  tuT)e  by  which  the 
portion  of  flesh  had  been  brought  in  contaSi 
with  the  thigh.  Notwithstanding  the  metallic 
part  did  not,  at  the  above  tirttCj  enter  into  the 
metallic  chain,  it  had  a  powerful  influence  on  the 
galvanic  phenomena.  It  was  even  noticed  by 
Humboldt  that  contra6tions  ensued  when  the 
mode  of  connexion  was  formed  by  animal  parts 
heterogeneous  to  the  nerves.  When  he  brouglit 
the  crural  nerve,  detached  from  the  trunk  con- 
jointly with  the  thigh,  towards  the  latter  partj 
or  retra(?ted  it,  on  the  other  hand,  he  failed  tOF 
produce  any  convulsive  -movements  ;  but  they 
became  very  violent  when  the  muscular  flesh  of 
the  hip  was  gently  laid  over  the  sciatic  nerve^ 
still  connected  with  the  trunks 

The  third  se6lion  of  Hu>tBaLt)T's  work  treats 
of  the  excitement  produced  by  a  simple  metallic 
substance,  or  by  homogeneous  metallic  part$.  He 
examines  the  phenomena  which  have  been  the 
most  scrupulously  observed,  dnd  which,  in  Con- 
sequence of  their  being  more  complicated  tharf 
the  others,  have  been  discussed  and  combated  >vith 
the  gresttest  obstinacy.  They  t^ke  place  in  the' 
highest  degree  of  excitability,  and  consist  of  the' 
contractions  produced  by  metallic  substances,  or 
iRubstances  containing  charcoal.  These  pheno- 
mena are  reduced  by  Humboldt  to  aft  iricon-' 

sideraible 
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siderable  number  of  simple  fails,  by  the  distinc-^ 
tion  between  two  principal  cases,  namely,  the 
irritation  produced  by  homogeneous  metals,  and 
the  one  produced  by  heterogeneous  metals.  He 
divides  the  former  into  those  which  form  a  com- 
plete  chain  between  the  animal  organ's,  and  those 
by  which  such  a  chain  is  not  established.  He 
next  details  the  result  of  his  experiments  on  this 
head,  as  well  as  of  those  made  by  Aldini,  Gal- 
vANi,  Berlinghieri,  Lind,  Pfaff,  and  Volta, 
terminating  the  se6lion  by  an  experiment  which 
appeared  to  him  ve^ry  conclusive,  relatively  to 
^homogeneous  condu6lors. 

'^  Two  frogs,"  observes  Humboldt,  *^  were 
before  me,  the  thighs  of  which,  when  the  coat- 
ings of  zinc  and  silver  were  applied,  displayed 
very  feeble  contradlions.  I  moistened  the  crural 
nerve  of  one  of  them  with  a  solution  of  the  car- 
bonate of  potash,  and  that  of  the  other  with  the 
oxygenated  muriatic  acid.  To  my  great  surprize, 
there  were  not  any  contra6lions  when  a  coating 
of  silver,  which  had  been  applied  to  the  muscle,^ 
was  brought  in  contadl  with  a  coating  of  gold 
applied  to  the  nerve.  I  broke  into  two  portions 
a  small  bar  of  well  purified  zinc,  and,  having 
laid  the  nerve  on  one  of  these  portions,  the  in- 
stant I  brought  it,  by  the  help  of  the  other  por- 
tion, in  conta6t  with  the  muscle,  powerful  con- 
tractions were  excited.     Three  thighs  of  frogs, 

VOL.  I.  T  treated 
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treated  in  this  way,  presented  the  same  pheno* 
niena  for  the  space  of  several  minutes.  Can  it 
be  supposed  (adds  Humboldt)  that  two  portions 
t)f  the  same  bar  of  zinc  should  be  less  homo- 
geneous than  silver  and  gold  ?  The  question  of 
homogeneity,  in  exciting  substances,  proves  that 
there  are,  as  well  in  physics  as  in  chemistry, 
many  cases  in  which  the  observations  present  con- 
trarieties. The  circumspeA  observer  by  whom  this 
is  witnessed,  remains  undecided  and  dissatisfied.'^ 
In  the  fourth  secSlion  Hlmboldt  speaks  of 
heterogeneous  metals.  To  the  end  that  these 
metals,  as  well  as  all  the  substances  containing 
charcoal,  may  produce  galvanic  phenomena  in 
an  exalted  state  of  the  excitability  of  the  organs, 
it  suffices  that  they  form  a  part  of  a  series  of 
condu6ling  substances,  established  between  the 
sensible  and  irritable  organs,  whatever  may  be  the 
length  of  the  chain  they  form.  This  is  proved 
by  a  great  number  of  experiments  cited  by  Hum- 
boldt in  the  present  sedlion.  In  these  experi- 
ments he  was  engaged,  in  concert  with  his  elder 
brother,  when  chance  led  him  to  a  very  interest- 
ing discovery.  He  found  that  the  coatings  of 
the  nerve  and  muscle  being  homogeneous,  the 
contradlions  may  be  produced  when  the  degree 
of  excitability  is  extremely  feeble,  provided  the 
coatings  of  this  nature  are  united  by  exciting 
substances,  among  which  there  is  a  lieterogene- 
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ous  one,  having  one  of  its  surfaces  covered  by  af 
fluid  in  a  state  of  vapour.  This  observation  was 
made  at  the  comfnencement;  of  3?796>  and  sur- 
prized HuMBOLBT  so  mtich,  that  he  instantly 
communicated  it  to  Soemmbrino,  Blumewbach^ 
Hiitz,  and^  Goethe.  He  had  not  at  that  time^ 
in  the  works  on  galvanism  which  had  already 
appeared,  met  with  any  experiment  the  result  of 
which  had  the  smallest  andogy  with  his  dis* 
CO  very;  and  it  was  not  until  after  the  publication 
bf  the  work  of  Ppapp  on  animal  eletftricity,  that! 
he  became  acquainted  with  any  dne  similar  to  his 
own.  There  were,  however,  sontc  differences,  ^ 
be  proves  by  several  passages  cited  from  thd 
above  author. 

In  the  four  se(£Kons  the  substance  of  which 
has  been  given,  our  author,  in  explaining" the 
circumstances  which  tend  to  the  produtfHon  of 
the  gatvanic  phenomena,  a^f  well  as  those  which 
lead  to  their  failure,  observes  that  he  has  scru- 
pulously avoidied  to  confound  the  fa<5ls  with  the 
conje6lures  to  which  they  gave*  rise*  In  the  fifth 
seAion  he  explains  the  signs  he-  has'  adopted,  to 
represent  all  the  conditions  of  galvanism,  together 
t\^ith  the  forms  he  ha's  employed  to  express  the 
positive  cases  and  the  negative  cases>  relatively 
to  which  latter,  he  observes,  the  utmost  caution 
Olight  to  be  observed  in  the  Consequences  drawh 
irotin  the  experiments^.    He  distinguishes,  in'  gal- 

t2  vanism^ 
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▼anism^  two  classes  of  a6live  substances,  the 
former  of  which  comprehends  metallic  substances 
of  every  description,  together  with  charcoal,  and 
the  substances  into  which  it  enters  as  si  princi- 
ple. The  second  class  comprises  all  moist  ani- 
mal and  vegetable  substances,  muscular  fleshy  ' 
water,  wetted  cloth,  &c.  The  former  of  these 
substances  have  been  generally  denominated  er- 
citers,  and  the  latter,  conduSors  of  the  galvanic 
fluid.  Our  author  observes  that  this  division  of 
substances  is  false,  and  in  absolute  contradi<%on 
to  many  of  the  experiments  he  has  made.  He 
therefore  rejedls,  in  his  fommles,  these  denomi- 
nations, which  he  considers  as  purely  hypothe- 
tical. 

To  have  a  clear  and  comprehensive  idea  of  the 
full  extent  of  the  galvanic  phenomena,  it  is  not 
sufficient  to  consider,  in  a  general  way,  all  the 
circumstances  by  which  they  are  determined ;  it 
being  also  essential  to  examine  the  modifications 
they  present,  in  the  different  classes  of  animals. 
This,  together  with  the  consideration  of  the  sub- 
stances which  are,  in  the  greater  number  of  cases, 
necessary  to  the  produftion  of  the  galvanic  phe- 
nomena, are  the  subje6ls  of  the  sixth  seAion. 
Metals  in  a  state  of  regulus,  carbonated  and 
sulphurated  metals,  the  oxyde  of  manganese,  the 
only  metal  the  combination  of  which  with  oxy- 
gen is  fully  possessed  of  the  condu6ling  property 
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of  the  galvanic  fluid,  sea-coal,  charcoal,  the  car- 
bonated sulphurate  of  zinc,  plombago,  the  Ly- 
dian  stone,  the  aluminous  and  sulphuric  schists, 
water,  and  all  liquids,  with  the  exception  of  oil ; 
— such  is  the  list  of  the  metals  and  carbonated 
substances,  which,  whether  alone  or  conjunc- 
tively, are  deprived  of  the  property  of  condu6ting 
the  galvanic  fluid,  the  instant  they  are  surrounded 
cither  with  oxygen  or  hydrogen. 

At  the  time  when  Humboldt's  work  appeared, 
very  few  experiments  had  been  made  by  other 
physiologists,  on  the  comparative  etFefts  of  animal 
and  vegetable  substances  employed  in  the  gal- 
vanic ciiain.  On  this  subjeifl  he  made  several 
precise  experiments,  of  a  very  curious  and  in- 
strudive  kind,  more  especially  on  the  epidermis 
both  of  animals  and  vegetables.  Having,  in  the 
course  of  these  experiments,  composed  a  chain 
of  seven  or  eight  persons,  he  occasionally  re- 
marked that  the  movements  of  the  muscles  did 
not  ensue,  until  one  of  them,  who  constituted  a 
part  of  the  chain,  quitted  it.  He  adds  that,  on 
several  of  these  trials,  lie  could  not  discover  the 
non-conduding  individual,  until  all  the  persons 
who  composed  the  chain  had  withdrawn  from  it 
successively.  There  were  instances  in  which 
this  individual  wetted  his  hands  inefFedually,  and 
without  bestowing  on  them  the  conducting  pro- 
perty, although,  under  other  circumstances,  this 
T  3  expedient 
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expedient  was  found  to  be  highly  efficacious,  u 
was  also  that  of  sprinkling  the  floor  on  wbicb 
the  chain  was  established. 

The  following  very  interesting  phenocnena  is, 
in  Humboldt's  opinion,  a  fit   subjedl  for  the 
exercise  of  the  sagacity  of  physiologists.     Every 
one  is  acquainted  with  the  sensation  denominated 
the  s&tting  of  the  teeth  on  edge,  which  is  produoed 
by  the  adlion  of  weak  vegetable  acids  contained 
in  grapes,  plums,  apples,  lemons,  &c.   The  whole 
of  the  crown  of  the  teeth,  particulariy  the  en-^ 
amelled  substance,  which  is  insensible  in  its  ordi- 
nary state,  then  becomes  so  sensible  to  impres-t 
sions,  that  the  contadl  of  a  piece  of  woo}Iea  or 
Knen  cloth,  or  of  cork  or  brown  paper,  and  even 
sometimes  the  mere  dread  of  the  contadl  of  these 
substances,  produces,  according  to  HumboI/Dt, 
a  very  disagreeable  sensation.     The  attention  of 
naturalists    was  first  attra6led  to  this  subjeidl  by 
t)r.  Wedekind,  of  Mentz ;  and  it  h^  been  since 
discussed  with  great  sagacity  by  Reil,   the  cele- 
brated physiologist  of  Halle.     What,  indeed,  car^ 
be  more  singular  than  to  see  a  part  of  our  body, 
the  substance  of  which  is  principally  terrene,  and 
to  which  Nature  seems  to  have  denied  every  share 
ofv  sensibility,   acquire  one  of  so  lively  a  nature, 
when  touched  by  an  acid  ?     It  is  known  that 
Volta's  experiment  does  not  succeed,  if,  instead 
pf  applying  the  coatings,  the  one  of  silver,  for 

instance. 
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histaftce,  and  the  other  of  zinc,  to  the  two  sur- 
faces of  the  tongue,  one  of  these  metals  be  laid 
on  the  crown  of  the  teeth,  while  the  application 
of  the  other  is  made  to  the  tongue.  Humboldt 
being  desirous  to  know  whether  the  teeth  still 
possess  this  insulating  property,  in  the  state  in 
which  they  are  said  to  be  on  edge,  and  whether 
there  was  any  foundation  for  the  opinion  of 
Wedekind,  by  which  he  had  been  led  to  think 
that  the  contrary  is  the  case,  found  the  ideas  of 
that  naturalist  fully  confirmed  by  the  experimentg 
into  a  detail  of  which  he  enters. 

Relatively  to  the  existence  of  sensible  fibres  in 
the  tendons  and  ligaments,  Reil  adopts  the 
pathological  fadls  colledted  by  Wh yte  and  Mur- 
ray, by  which  the  sensibility  of  these  parts 
is  brought  forward  in  evidence.  Humboldt  is, 
on  the  other  hand,  persuaded,  that  the  result  of 
several  experiments  made  by  him,  is  such  as  to 
justify  his  doubts  as  to  the  fidelity  of  these  asiser- 
tions  ;  and  the  reasonings  and  proofs  he  adduces 
in  support  of  his  experiments,  seem  to  demon- 
strate that  his  inferences  are  not  improperly 
drawn. 

His  attention  was  directed  to  mushrooms,  vnth 
a  view  to  ascertain,  whether,  in  consequence  of 
their  substance  having  a  great  analogy  to  that  of 
animals,  they  possess  a  conducing  property,  si- 
ipil&r  to  the  one  which  resides  in  the  muscular 

t4  flesh. 
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flesh.  He  accordingly  made  a  considerable  num- 
ber of  trials,  the  results  of  which  were,  that  the 
different  kind^  of  mushrooms,  which,  in  becom- 
ing putrid,  emit  an  animal^  insipid,  cadaverous 
smell,  are  as  perfect  condudtors  in  the  galvanic 
chain,  as  the  organs  of  animals.  The  morels, 
and  more  especially  the  three  kinds  which  are 
eaten,  namely,  the  phallus  esculentus^  the  elvella 
mitray  and  the  elvella  sulcata,  are  strongly  pos- 
sessed of  this  quality.  On  this  head  Humboldt 
femarks  how  essential  it  is  that  chemists  should 
dire6l  their  researches  to  ^n  analysis  of  the  difFe- 
^•ent  descriptions  of  mushrpoms,  by  which  they 
cannot  fail  to  make  many  important  discoveries. 
He  cites  the  researches  of  Gunth^r,  ynder- 
taken  upon  his  suggestion,  on  the  agariciis  cam- 
pestris,  in  which  was  found  a  great  quantity  of 
sugar  susceptible  of  crystallization. 

Having  thus  described  the  simple  and  com- 
pound substances  which  produce  the  galvanic 
phenomena,  when  brought  in  conta6l  with  the 
excitable  organs,  Humboldt,  in  his  seventh  sec- 
tion, describes,  in  a  tabular  form,  the  conducting 
substances,  and  those  by  which  the  galvanic 
fluid  is  insulated.  With  respedl  to  the  conduc- 
tors, he  observes  that,  when  the  coatings  a^e  ap- 
plied, in  a  direct  and  immediate  way,  both  to  the 
nerve  and  the  muscle,  the  length  of  the  condue-! 
tor  does  not  appear  to  be  liniited,     Valu  havT 

ing 
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ing  employed  condudlors  of  two  hundred  feet  in 
length  ;  and  Aldini  having  carried  very  long 
cords,  made  with  moistened  hemp,  round  his 
house  at  Bologna ;  the  experiments  in  either 
case  succeeded  perfectly  well.  Humboldt  adds, 
that  condu6lors  of  19,200  feet,  similar  to  those 
which  were  resorted  to  in  the  eledlrical  experi- 
ments of  Jallabert,  Sigaud  de  la  Fond,  Mon- 
KiER,  Watson,  and  WiNCKLiER,  may  be  em- 
ployed. He  is  even  of  opinion  that  this  extent 
may  be  prodigiously  augmented,  by  having  re- 
course, for  example,  to  rivers  as  condudlors. 

In  the  employment  of  very  long  condudlors,  it 
was  not  possible  for  Humboldt  to  remark  any 
interval  between  the  instant  when  the  muscle 
contrails,  and  the  one  when  the  contadl  of  the 
condu6lor  takes  place,  the  muwscle  and  nerve  be- 
ing from  two  hundred  to  three  hundred  feet  dis- 
tant from  each  other.  This  announces^  a  cele- 
rity of  twelve  hundred  feet  per  second.  The 
efFedl  would  be  the  same,  should  the  condudlors 
even  be  from  ten  thousand  to  twenty  thousand 
feet  in  length.  Thus  Haller,  in  his  physiology, 
ascribes  to  the  nervous  fluid  a  swiftness  sufficient 
to  enable  it  to  run  over  a  space  of  nine  thousand 
feet  in  a  second.  The  calculation  of  Sauv ages 
is  carried  to  thirty-two  thousand  four  hundred 
feet  in  the  same  space  of  time  ;  and,  what  is  still 
infinitely  more  surprizing,  its  celerity  is  estimated 

by 
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by  the  author  of  the  essays  on  the  mechanism  of 
the  muscles,  at  five  hundred  and  seventy-six  mil- 
lions of  feet,  (upwards  of  one  hundred  thousand 
miles)  in  the  above  space  of  a  second  of  time. 
It  ought  here  to  be  noticed,  that  the  great  dif-* 
ferences  in  these  calculations  arise  from  the  dif- 
ferent kinds  of  experiments  on  which  they  are 
founded. 

It  was  reasonably  to  be  expelled  that  galvanic 
experiments  should,  as  well  as  chemical  anfalysisj 
furnish  certain  elucidations  relative  to  the  nature 
and  combination  of  matter.  In  reality,  the  liv- 
ing nervous  fibre  serves,  as  well  as  chemical  re- 
^<5ling  substances,  to  determine  the  nature  of 
certain  bodies.  It  has  been  long  known  thdi 
a  divided  nerve  acfts  as  a  living  hygrometer ;  and 
it  has  also  been  noticed,  that  persons  endued  with 
great  sensibility,  feel  a  strong  impression  when  a 
change  takes  place  in  the  temperature  of  the 
atmosphere,  as  well  as  on  the  approach  of  a  storm. 
This  proves  that  the  human  body  a6ls  both  as  a 
thermometer  and  as  an  electrometer.  Soemmek- 
ING  has  explained,  with  great  ingenuity,  the  disa- 
greeable sensation  which  is  occasionally  felt,  on 
any  change  of  weather,  in  the  case  of  a  limb 
having  been  amputated.  He  is  of  opinion  that 
the  humidity  which  the  extremity  of  the  nerve 
absorbs  from  the  air,  by  compressing  the  nerve 
^tself,  is  the  cause  of  the  pain^  which  continues 

until 
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until  the  humidity  has  been  ^dissipated  by  a  dry 
atmosphere. 

TI^  following  experiment,  which  was  fre- 
quenUy  repeajtad  by  Humboldt,  notwithstanding 
U  13  m^ely  of  a  recreative  kind,  ought  not  to  be 
p*P3ed  over  in  this  place.  By  applying  a  flattened 
piece  of  ^iac  to  one  of  the  surfaces  of  the  tongue, 
^nd  a  flattened  piece  of  silver  to  the  other  surface, 
M^ithout  eitbfsr  pf  these  coatings  touching  the 
4Hher>  bui  ^ch  of  them  provided  with  a  long  iron 
vire;  and  by  passing  the  wires^  in  a  parallel 
diite^ipn  through  a  door,  behind  which  they  are 
brought  tpgethe**  ftnd  separated  alternately  ;  the 
person  who  m^ke?  the  experiment  ascertains, 
by  the  taste  he  feels  pn  the  tongue,  the  situation 
of  the  extremity  of  each  of  the  wires. 

A  phenomenoi)  whid^i  fifteen  years  ago,  would 
haire  been  consid$re4  QP  chimerical,  has  likewise 
resulted  from  the  experiments  on  the  galvanic 
fluid.  It  is  9S  fpllows:  A  nerve,  organically 
united  with  several  cubic  lines  of  muscular  flesh, 
indicates  whether  two  metals  are  homogeneoua 
or  heterogeneous ;  and  whether  they  are  in  a 
state  of  pure  regulus,  or  in  an  oxy dated  state. 
It  also  points  out  whether  the  coloration  of  a 
mineral  substance  depends  on  charcoal,  or  on  an 
oxydation  which  has  taken  place.  The  living 
nervous  fibre  is  consequently  a  living  anthra^ 
poscop^,  9  Qiean  of  discovering  charcoal,  almost 

a? 
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as  certain  as  the  action  of  iron,  and  that  of 
alkalis. 

Conformably  to  the  result  of  his  experiments, 
Humboldt  replies  affirmatively  to  the  question^ 
whether  the  muscular  movements  and  sensations 
produced  by  galvanism  are  prolonged  after  the 
chain  has  been  closed.  Among  the  experiment!^ 
which  he  cites,  he  informs  his  readers  that,  in 
his  own  case,  he  applied  two  blisters  to  each  of 
the  deltoid  muscles.  This  was  an  effort  which 
required  no  small  share  of  courage*.  One  of 
the  wounds  was  covered  by  a  large  silver  medal, 
and  the  communication  established,  by  the  means 
of  zinc,  between  the  two  wounds.  The  result  of 
the  contadl  was,  that  the  muscles  of  the  shoulder 
and  of  the  neck  contradled  alternately ;  and,  in 
addition  to  this,  our  naturalist  felt  a  violent 
smarting  sensation,  as  soon  as  the  bladder  formed 
by  the  vesicatory  was  opened.  He  could  clearly 
distinguish  three  or  four  small,  simple  bo- 
dies ;  and  it  frequently  happened,  that  two  of 
these  small  bodies  were  not  produ6live  of  any 
sensation,  until  after  the  zinc  had  been  laid  for 


*  This  may  truly  be  said,  when  it  is  considered  that  Hitm- 
XOLDT  had  made  a  similar  application  several  times,  in  difierent 
circumstances,  to  ascertain  the  efFeds  of  his  galvanic  experit 
ments.  It  will  be  seen  hereafter,  that  he  was  still  more  coQ" 
rageous  when  he  undertook  to  denudate  one  of  his  nerves. 
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some  time  on  the  true  skin  in  its  denudated  states 
What  proves  that  the  force  of  the  phenomena 
depended  entirely  on  the  degree  of  incitability 
residing  in  the  organs,  is,  that  the  ulcers  haying 
been  exposed  to  the  air  for  the  space  of  half  an 
hour,  and  the  rete  mucosum  hav'ing  become  indu- 
rated, a  single  contadl  would  no  longer  produce 
any  more  than  a  single  contradlion.  When  a 
few  drops  of  an  alkaline  solution  had  been  poured 
on  the  coating,  the  incitability  of  the  organs  wasr 
instantly  augmented  in  a  powerful  degree.  The 
pains  became  extremely  violent ;  and  Humboldt 
perceived,  at  the  same  time,  that  the  contradlions 
were  renewed,  and  sucqeeded  each  other  three  or 
four  times  consecutively.  It  is  true,  that  they 
lasted  for  one  or  two  seconds  only  j  but  the 
smarting  sensation  was  prolonged  uninterruptedly^ 
and  in  the  same  degree,  so  long  as  the  coatings 
remained  in  contadl. 

In  examining  what  passes  in  animated  conduc- 
ing substances,  after  having  refuted  the  error  of 
those  who  think  that  the  metallic  irritation  merely 
a<5ls  on  the  organs  to  which  the  coatings  are  im- 
mediately applied,  Humboldt  gives  it  as  his 
opinion^  that  an  unknown  fluid  pervades  every 
part  of  the  galvanic  chain  ;  but  that  its  exciting 
property  is  manifested  more  powerfully  on  the 
organs  which  are  immediately  coated,  than  on 
those  which  are  at  a  certain  distance  from  the 

coatings. 
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coatings,  in  the  case  eren  of  the  latter  beifig 
equally  excitable.  This  opinion  he  suppoi'ts  by 
observations  which  appear  to  him  to  be  conclu- 
sive. An  individual  who  entertained  a  strong 
belief  of  the  cures  performed  by  magnetism  and 
electricity,  assured  our  naturalist  that  he  invari- 
ably felt  a  peculiar  sensation  of  warmth>^  as  often 
as  he  formed  a  part  of  the  galvanic  chain.  Hull- 
BOLDT  caused  to  be  removed,  without  his  per- 
ceiving it,  both  the  metallic  coatings  and  the 
prepared  animals.  The  sensation  of  heat  con- 
tinued ;  and  was  become  still  more  powerfW 
when  he  assured  this  person,  with  an  assumed 
air  of  gravity,  that  he  had  employed,  in  the  chain, 
hew  means  of  a  more  efficacious  r^ature.  Is  it 
surprizing,  after  this,  that  perkinism  shoold  have 
its  partizans  and  admirers,  as  was  formerly  the 
cose  with  the  now  justly  exploded  doctrine  of 
Mesmer  ? 

The  experiments  made  by  Humboldt  on  the 
nerves,  demonstrate  that  a  stimulus  arising  from 
those  of  cold-blooded  animals,  is  capable  of  irri- 
tating those  of  animals  the  blood  of  which  is 
warm  ;  but  that  this  irritation  follows  different 
laws,  according  to  the  nature  of  the  OFgans  of 
tvhich  the  chain  is  composed.  The  considerable 
number  of  experiments,  published  by  difFerenI 
authors,  on  the  ligature  of  the  nerves,  and  that 
of  the  arteries  distributed  in  the  muscles  ;  toge- 
ther 
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ther  with  those  made  both  on  cold-blooded  and 
hot-blooded  animals,  have  caused  it  to  be  con-* 
sidered  as  a  fixed  and  invariable  principle,  that 
the  ligature  does  not  interrupt  the  galvanic  ef-- 
fedts,  whenever  the  portion  of  the  nerve,  com- 
prehended between  the  muscle  and  the  ligature^ 
is  surrounded  by  an  insulating  body. 

The   discussions  which  had  taken  place  rela^ 
lively  to  the  ligature  of  the  nerves  and  arteries, 
inspired  Humboldt  with  the  idea  of  instituting' 
experiments  on  the  sensible  fibres  divided  inta 
two  portions.     In  this  way  he  was  enabled  to  dis- 
cover the  property  innate  in  the  living  sensible 
fibre,  of  a6ling  at  sonie  distance,  and  of  dispers- 
ing around  it  an  irritable  atmosphere.    This  pro- 
perty is  of  the  utmost  importance,  in  the  expla- 
nation of  several  physiological  and  pathological 
phenomena.     He  confides  to  skilful  anatomists 
the  charge  of  making  the  numerous  applications 
of  which  it  is  susceptible  ;  and  contents  himself 
with  examining  such  of  the  phenomena  of  this 
description,  relatively  to  the  sensations  of  touch- 
ing and  of  the  taste,  to  the  re-produ6tion  of  the 
nerves,   and   to   several   sympathetic  effects,  as 
bave  appeared  to  him  most  deserving  of  atten- 
tion.    His  experiment  relative  to  irritable  and 
sensible   atmospheres  is  extremely  curious   and 
interesting.   On  this  subjedl  we  shall  touch  here- 
after. 

The 


The  eighth  sedion  of  Humbolot's  wcfrk  com* 
mences  by  the  following  portion :  that  it  is  es- 
sentialy  in  galvanic  experiments^  thtft  the  nerve 
which  is  intended  to  excite  contractions  in  a 
musclcj  should  be  organically  united  with  it. 
The  heat  of  the  exciting  arcs^  and  tlie  essa^ 
of  Dr.  Wells  en  their  fridion^  are  next  con-> 
aidered. 

To  develope  all  the  circumstances  in  which 
the  galvanic  phenomena  are  successfully  prck 
duced,  it  is  necessary  to  consider  the  medium  in 
which  the  chain^  formed  by  the  metals  and  living 
organs^  is  stationed.  Whether  the  phenomena 
are  the  same  in  the  difTerent  kmds  of  fluids ;  in 
those  which  are  susceptible  of  forming  drop6, 
arid  in  the  gaseous  fluids;  together  with  the 
cfFe<9:  produced  on  them  in  rarefied  air,  and  in 
condensed  air ;  are  questions  relative  to  which 
Humboldt  deemed  it  important  to  make  a  series 
of  experiments  with  a  pneumatic  apparatus.  He 
diredled  his  trials  to  seven  kinds  of  gases,  in  va- 
cuo, in  condensed  air,  and  in  liquids,  presenting 
afterwards  the  galvanic  phenomena  he  had  ob- 
served in  plants.  He  had  already  confirmed  the 
existence  of  the  irritable  fibre  in  the  vegetable 
kingdom,  by  the  experiments  he  describes  in  his 
chemical  physiology  of  plants.  These  experi- 
ments had  thrown  a  new  light  on  the  origin, 
mixture,  nutrition,  incitability,  and  irritability  of 
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the  vegetable  fibre,  and  had  afforded  the  strongest 
evidence  of  its  analogy  with  the  animal  fibrie. 

If  vegetables  are,  however,  provided  with  nerves, 
and  if,  in  their  instance,  the  sensible  fibres  are 
united  to  the  irritable  fibres,  where  are  they  to 
be  sought  ?  Undoubtedly  in  the  membranes  of 
the  vessels.  It  is  true,  that  the  course  of  them 
can  scarcely  be  distinguished,  with  the  help  even 
of  the  best  microscopes ;  and  that,  instead  of 
separate  vessels,  bundles  of  vessels  can  alone  be 
perceivied.  The  density  of  the  tissue  of  th6 
plants  opposes  another  obstacle ;  and  furnishes 
an  additional  reason  why  metallic  irritation 
should  possess  but  little  efficacy  in  experiment- 
ing on  plants. 

To  what  particular  phenomenon  ought  to  be 
ascribed  the  effeA  of  galvanism  on  the  grami- 
neous tribe,  or  on  a  cabbage  plant,  if  Jt  be  not 
owing  to  the  accelerated  contra6tion  of  the  coats 
of  the  vessels ;  to  the  more  rapid  circulation  of 
-the  juices,  and  to  the  augmented  secretions  ? 
Now,  how  can  these  efFefts  be  perceived  in  a 
substance  deprived  of  a  vital  organization,  190 
far  at  least  as  not  to  be  evident  to  our  senses  ? 
These  difficulties,  and  others  of  an  equally  power* 
ful  nature,  determined  our  naturalist  to  aban- 
don the  wide  field  of  conje6luresand  hypotheses, 
and  to  institute"  a  series  of  real  observations,  by 
galvanic  experiments  on  small  worms,  leeches, 
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earth  worms,  and  on  the  different  species  of 
cattle  fislies.  The  galvanic  phenomena  were 
manifested  on  the  most  minute  aquatic  worms. 
The  presence  of  the  sensible  fibre  was  very  no- 
ticeable in  the  naiads,  a  description  of  worms 
which,  by  their  faculty  of  reprodudlion,  surpass 
all  the  known  kinds  of  lumhrici  and  leeches. 
Experiments  were  also  made  by  Humboldt  on 
the  lemce,  or  water  serpents  ;  on  the  tcenia,  and 
on  the  different  species  of  ascarides,  in  the  case 
of  which  the  movements  were,  by  the  means  of 
the  oxygenated  muriatic  acid,  accelerated  for 
several  minutes.  This  was,  however,  at  the  ex- 
pence  of  their  life. 

As  it  results  from  tlie  most  precise  observa- 
tions, that  the  galvanic  irritation  a6ls  on  the 
nerves  alone,  the  very  insufficient  knowledge 
which  had  been  acquired  relatively  to  the  nerves 
of  inse6ls*,  determined  Humboldt  to  institute, 
during  three  years,  researches  on  their  sensible 
fibres.  Several  considerations,  he  observes,  lead 
him  to  think  that  the  great  irritability  which  is 
noticed  in  insefts,  is  combined  with  a  propor- 


*  It  would  appear  from  what  Haller  observes  in  his 
Primce  Linece  Physiologicce,  that  he  denies  the  existence  of 
nerves  in  several  inseds,  and  in  the  tribe  of  polypi.  The 
work  of  Lyonnet  does  not  point  out  a  single  vein  in  the  cater- 
pillar. 
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tionate  nervous  energy.  In  support  of.  this  idea, 
he  cites  the  efFe^ls  of  alcohol  and  eledlricity, 
which  have  been  found  by  Fontana  to  a6l  on 
the  sensible  fibre  alone.  He  was  not  enabled  to 
trace  the  nerves  with  so  much  precision,  in  any 
other  inseft,  as  in  the  ceramhyx  cerdo.  The  most 
considerable  of  these  nerves,  distributed  in  the 
hinder  extremities,  are  larger  than  horse  hairs. 

After  having  given  an  account  of  his  galvanic 
experiments  on  inserts,  HuxMboldt  enters  into  a 
detail  of  those  he  made  on  fishes,  the  nervous 
organization  of  which  is  truly  admirable.  Ac- 
cordingly, on  dissedting  them,  he  was  convinced 
a  priori,  that  this  class  of  animals  is  extremely 
well  adapted  to  galvanic  experiments.  "  I  have 
seen  (he  observes)  fishes,  the  head  of  which 
had  been  cut  off  half  an  hour  before^  strike  with 
their  galvanized  tail  in  so  forcible  a  manner,  that 
the  whole  of  the  body  was  raised  considerably 
above  the  table  on  which  they  were  placed.'* 
•When  their  incitability  was  exalted  by  alkaline 
solutions,  or  by  the  oxygenated  muriatic  acid, 
the  struggles  of  the  fishes,  more  particularly  of 
the  eels  and  tenches,  were  feuch,  that  it  was 
scarcely  possible  to  master  them.  The  slightest 
conta6l  of  metallic  substances  made  them  spring 
to  a  considerable  distance. 

In  commencing  the  ninth  sedlion,  Humboldt 
observes  that,  in  the  class  of  amphibious  animals, 
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the  phenomena  of  galvanism  have  been  most 
frequently  discovered  and  investigated.     Frogs, 
which  may  be  every  where  procured  in  great 
numbers ;  which  are  possessed  of  an  almost  ia^ 
destru6lible  irritation ;  the  flesh  of  the  muscles 
of  which  is  in  the  nicest  state ;  and  the  body  of 
which  is  nearly  transparent ;  have,  unfortunatdy 
for  them,  attradled  the  particular  notice  of  phy- 
siologists.    The  use  to  which  Nollet,  in  the 
first  instance,  and,  afterwards,  Rosel,  Hallbb^ 
and  Spallanzani,  applied  frogs  in  their  experi- 
ments, was  but  a  feeble  precursor  of  the  fate 
which  awaited  them  at  the  close  of  the  eighteenth 
century,  in  every  part  of  Europe,  and  in  North 
America. 

Humboldt  now  enters  into  an  explanation  of 
the  causes  why  the  winter  slumber  of  amphibious 
animals*  augments  their  irritability.  He  brings 
forward  the  proof  that  the  exercise  of  the  in- 
telledlual  faculties  debilitates  both  the  muscular 
fibres  and  the  secretory  vessels.  He  next  pro- 
ceeds to  a  variety  of  physiological  observations 
on  frogs,  lizards,  toads,  and  tortoises-  The  latter, 

*  The  example  of  the  longest  sleep,  or,  rather,  of  the  longest 
apparent  suspension  of  life,  is  that  of  ibe  vorticella  rotatoriOt 
which  was  revived  by  Fontana,  in  the  space  of  two  hours, 
by  moistening  it  with  a  few  chops  of  water,  after  having  kept 
it,  motionless,  and  in  a  desiccated  state,  for  the  space  of  two 
years  and  a  half —See  his  valuable  treatise  on  poisons. 
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zBore  particularly  those  found  in  the  rivers^  pos- 
sess an  irritability  which  continues  for  a  very  con- 
siderable time.  P.  MiCHAELis  excited  very  power- 
ful muscular  contradtions  in  a  tortoise  which  had 
been  dissected  and  exposed,  its  heart  having  been 
taken  out,  for  the  space  of  eighteen  hours,  to  the 
vigorous  cold  of  the  winter  season.  Heremb- 
€TADs  found  the  muscular  flesh  of  the  common 
tortoise,  testudo  europoea^  to  be  adled  on  by 
metallic  irritation,  at  the  time  when  the  putre^ 
fadlive  process  had  commenced. 

The  galvanic  experiments  on  man  are  unques- 
tionably the  most  important.  Humboldt  draws 
the  attention  of  his  readers  to  several  observa- 
tions which  he  had  either  passed  over  in  silence^ 
or  had  but  slightly  touched  on,  such  as  the  lu- 
minous appearance  which  may  be  produced  in 
four  different  ways.  The  discovery  and  publicity 
pf  this  phenomenon,  were,  as  has  been  already 
noticed,  due  to  Mr.  G.  Hunter,  of  York.  Hum^ 
BOtDT  explains  by  whatconjundlions  of  the  nerves 
galvanism  at  this  time  afFedls  the  visual  organ, 
und  inquires  into  the  nature  of  the  sympathy 
which  subsists  in  an  inverted  ratio,  between  the 
olfadlory  nerve  and  the  superior  maxillary  nerve. 
ife  observes  that  be  was  never  able  to  remark, 
'  any  more  than  Ppapp,  either  the  contractions  or 
liilatations  of  the  pupil ;  ?ind  adds,  that  the  con-» 
tradidlory  yesults  of  the  experiments  made  by 
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Fowler,  may  be  explained  by  those  nervous  sym- 
pathies; from  which  it  results,  that  a  strong  light, 
in  a6ling  on  the  organ  of  sight,  excites  sneezing, 
and  that  ammoniac,  in  stimulating  the  organ  of 
smell,  produces  the  dilatation  of  the  pupil.  There 
had  not,  at  the  above  time,  been  any  instance  of 
the  galvanic  a6lion  similar  to  that  of  the  flash 
of  light.  Dr.  Monro  was  so  excitable  by  gal- 
vanism, that  he  had  a  hemorrhage  from  the 
nose,  when,  after  a  very  gentle  introduction  of 
zinc  into  the  nostrils,  he  brought  the  above  metal 
into  contaft  with  a  coating  applied  to  his  tongue; 
and  this  bleeding  constantly  ensued  the  instant 
the  flashes  of  light  were  perceived.  This  phe- 
nomenon, which  is  highly  instrudlive  to  the  phy- 
siologist, demonstrates  how  it  is  that  the  nerves 
by  which  the  small  blood  vessels  are  surrounded, 
irritate  and  augment  their  contractions.  It  also 
confirms  what  anatomivSts  have  observed  relatively 
to  the  influence  of  a  sense  of  shame,  as  well  as 
of  joy,  on  the  nerve  of  the  fifth  pair,  and  more 
especially  those  of  the  face. 

Humboldt  apprehends  that  this  violent  irri- 
tation may  be  of  great  utility  in  certain  patholo- 
gical cases.  Having  supported  this  idea  by  fa<3s 
which  seem  to  argue  in  its  favour,  he  proposes 
and  points  out  the  means  of  employing  gal- 
vanism in  the  case  of  patients  whose  sight  is 
conjectured  to  have  been  irretrievably  lost.- 

In 
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In  speaking  of  Volta's  experiments  on  the 
tongue,  he  observes,  that  some  idea  of  them  had 
been  given  thirty  years  before,  in  Sultzer's  work 
entitled  "  the  New  Theory  of  Pleasures,"  pub* 
lished  in  1767  ;  and  that  if,  at  the  above  time^ 
the  consideration  of  the  superficial  situation  of 
the  nerves  of  the  tongue,  had  led  to  the  artificial 
discovery  of  a  nerve,  the  great  discovery  of  me- 
tallic irritation  would  have  been  made  in  the  time 
of  Haller,  Franklin,  Trembley,  Camper, 
and  BupFON.  How  great  a  progress  would  not 
this  discovery  have  made,  if  the  above  philoso- 
phers had  transmitted  to  us,  thirty  years  ago,  the 
theory  and  experiments  which  we  leave  to  our 
successors  ?  .  • 

VoLTA  having  pointed  out  the  differences,  in 
point  of  savour,  which  result  from  galvanic  expe- 
riments on  the  tongue,  according  to  the  nature 
and  disposition  of  the  coatings,  Humboldt  re- 
peated these  experiments,  and  added  to  them 
several  of  his  own,  with  a  neaiiy  similar  result. 
His  different  trials,  however,  having  failed  to 
produce  any  contraction  of  the  tongue,  appear 
to  have  established  the  truth  of  the  ancient  as- 
sertion of  Galen,  recently  confirmed  by  Scarpa, 
namely,  that  the  nerve  with  which  the  tongue  is 
supplied  by  the  third  branch  of  the  fifth  pair,  is 
exclusively  devoted  to  the  sense  of  tasting,  and 
that  the  ninth  pair  are  exclusively  destined  for 
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the  motion  of  the  tongue.  This  has  been  evi- 
dently proved  by  the  galvanic  experiments  on  th€ 
nerve  in  question. 

The  termination,  in  the  pitiiitous  membrane, 
of  the  nerves  belonging  to  the  organ  of  smelling^ 
which  originate  in  the  first  pair,  and  in  the  first 
two  branches  of  the  fifth  ;  together  with  the 
observation  of  the  innumerable  phenomena  of 
sympathy  between  the  organs  of  sight  and  those 
of  smelling  and  tasting ;  had  led  to  a  presump- 
tion that,  by  galvanizing  the  nostrils,  the  smell 
would  be  afFedled.  This  supposition  has  not, 
however,  been  confirmed  by  any  experiment. 

Robinson  and  Hecker  having  pubUshed  con- 
tradiclory  observations  relative  to  the  irritation 
produced  in  the  sockets  of  the  teeth,  Humboldt 
has  adopted  those  of  the  former  of  these  physi- 
ologists. In  the  case  of  a  wound  of  the  hand,  he 
saw  an  inflammation  produced  by  the  application 
of  the  irritating  metallic  substances ;  and  this 
fa6l  was  afterwards  corroborated  by  a  trial  he 
made  on  himself.  Having  abraded  the  skin  of 
the  wrist,  with  the  effusion  of  a  small  quantity  of 
blood,  at  the  part  where  the  radial  artery  is  ex- 
tremely superficial,  he  laid  on  the  wound  a  coat? 
ing  of  zinc,  which  he  touched  with  a  silver  coin. 
As  long  as  the  contaA  continued,  he  felt  a  tense- 
ness which  extended  to  the  end  of  his  fingers, 
together  with  a  shooting  and  tremulous  sensation 

iu 


hcmboldt's  qacvanic  ^x^EftiMENTs.  2g7 

in  the  whole  extent  of  the  palm  of  tte  hand. 
This  painful  sensation  became  manifestly  more 
intense,  whenever  the  edge  of  the  coin  was 
brought  in  conta<5l  with  the  zinc ;  and  the  irri- 
tation likewise  augmented  the  discharge  of  blood. 
As  soon  as  this  substance  became  clotted,  the 
coating  produced  a  much  weaker  efFedl.  Humt- 
BOLBT  now  took  a  scalpel,  and,  having  made 
-slight  incisions  in  the  part,  the  galvanic  process, 
which  he  continued  for  several  days  successively, 
•produced  a  very  decided  inflammation.  • 

Two  vesicatories,  each  of  them  pf  the  size  of 
a  crown-piece,  which  he  caused  to  be  applied  to 
his  shoulders,  and  which  were  laid  over  the  tra-- 
pezius  and  deltoides  muscles,  were,  after  the  vesi%. 
cles  had  been  opened,  subjected  to  a  similar  ex*- 
periment,  the  result  of  which  was  a  fresh  dis- 
charge of  serosity,  accompanied  by  a  change  of 
colour,  a  very  acute  pain,  redness,  and  inflamma- 
tion. He  again  repeated  on  himself  this  experi«- 
ment,  which  was  followed  by  the  same  pheno- 
mena. ^*  This,  he  observes,  demonstrates  the 
organization  of  our  machine,  in  the  most  asto- 
nishing point  of  view."  The  sensatioYi  which 
galvanism  excited  in  him,  did  not  appear  to  him 
to  have  the  smallest  resemblance  with  that  which 
is  occasioned  by  the  ele6lric  fluid.  It  appeared 
to  him  to  be  a  pain  of  ^  very  particular  and  dis- 
tinct nature. 

The 
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The  reader  will  recolledt  that  there  was  some 
mention  of  similar  experiments,  in  the  analysis 
of  the  seventh  section  of  Humboldt's  work. 
He  made  them  with  a  view  to  ascertain  whether 
the  muscular  movements  and  sensations  produced 
by  galvanism,  are  prolonged  after  the  chain  has 
been  closed.  This  induced  him  to  apply  two 
blisters  to  his  back.  We  are  informed,  ifl 
Brugnatelli's  medical  commentaries,  that  Dr. 
CoRRADORi  tried  an  experiment  of  this  nature  oh 
a  woman  labouring  under  an  ophthalmic  com- 
plaint. Tlie  sensation  was  similar  to  tliat  which 
Humboldt  mentions ;  but  the  serosity,  which 
was  merely  more  abundant,  had  not  acquired  an 
additional  acrimony.  An  individual  aged  fifty 
years  can  scarcely  endure  the  pain  which  this 
experiment  occasions  ;  notwithstanding  which,  it 
was  made  on  two  aged  females,  without,  however, 
presenting  any  particular  result.  It  follows  from 
what  has  been  observed,  that  Dr.  Corradori 
agrees  with  Humboldt  so  far  as  the  sensation  i^ 
concerned  ;  but  differs  frorti  him  respedling  the 
increase  and  augmentation  of  the  serosity.  With 
respe6t  to  the  effects  of  the  galvanic  irritation, 
.the  above  physiologists  concur  in  the  opinion, 
that  thev  have  not  the  most  distant  resemblance 
to  those  of  the  elc^lric  shock.  To  prove  this, 
several  patients  were,  without  their  being  sensi- 
ble of  it,  eledrificd  both  by  Humboldt  and  Dr. 
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CoRRADORi ;  but  without  either  of  these  physi- 
ologists being  able  to  form  any  comparison  be- 
tween the  efFedls,  which  were  altogether  different. 
The  greater  the  number  of  the  nerves  over 
which  the  galvanic  fluid  passes,  the  more  evi- 
dent are  the  efFedls  of  the  irritation  it  produces. 
AcHARD,  of  Berlin,  whose  sagacity  in  experi- 
menting is  well  known,  was  the  first  to  establish 
a  communication  between  the  mouth  and  the 
anus,  by  the  means  of  zinc  and  silver.  In  this 
way  he  excited  pains  in  the  bowels,  augmented 
the  energy  of  the  stomach,  and  brought  about  a 
change  in  the  evacuations  of  the  intestinal  canal. 
Humboldt  being  persuaded  that,  in  this  experi- 
ment, all  the  nerves  of  the  trunk  are  excited, 
conceived  the  idea  of  trying  whether  so  adlive  an 
irritation  might  not  bring  to  life  very  irritable 
small  animals,  when  they  fall  into  a  state  which 
resembles  death.  He  made  choice  of  birds  for 
his  experiments.  He  watched  the  moment  when 
a  linnet  was  about  to  expire.  The  eyes  being 
closed,  and  the  little  animal  extended  on  its  back, 
the  point  of  a  pin  was  thrust  in  near  the  anus ; 
but  the  metallic  irritation  did  not  produce  any 
sensible  efFed.  Humboldt  now  introduced  a 
small  piece  of  zinc  into  the  bill,  and  a  small  bit 
of  silver  into  the  re6lum,  establishing  an  imme- 
diate communication  between  these  metallic  sub- 
stances by  the  means  of  a  portion  of  iron  wire. 

''  What 
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*^  What  was  my  surprize,  he  exclaims,  when  I 
perceived,  the  moment  the  contadt  took  place^ 
the  linnet  open  its  eyes,  stand  ere6!t  on  its  feet, 
and  flutter  its  wings.  It  again  breathed  tiuring 
^x  or  eight  minutes,  and  then  expired  tran** 
quilly." 

This  experiment  Humboldt  repeated  success* 
fully  on  two  canary  birds  ;  and  has  no  doubt  Ih* 
that  it  supplies  a  mode  of  bringing  to  life  smaH 
birds  reared  in  apartments  ;  and  whiqh  are  some- 
times drowned  in  the  water  given  to  them  for  the 
purpose  of  their  bathing  themselves.  ^^  Might 
not  physiology,  he  observes,  be  made  to  pay,  ia 
this  manner,  a  part  of  the  debt  it  has  contratfteS 
with  animated  nature,  by  the  innumerable  mas- 
sacres it  has  occasioned  ?" 

Humboldt  gives  an  account  of  a  very  inte- 
resting observation  made  by  Dr.  Grapengiesser, 
of  Berlin,  relatively  to  the  influence  of  nervous 
irritation  on  the  peristaltic  movements  of  the  in- 
testinal canal.  The  following  are  the  most  in- 
teresting particulai-s,  as  they  were  related  by  th^ 
Dodlor  himself, 

A  patient  in  tlie  military  hospital  of  Berlin, 
had  been  afRi6led  for  several  years  by  a  very 
large  scrotal  hernia,  which  having  accidentally 
become  strangulated,  formed  an  abscess,  followed 
by  a  considerable  suppuration,  with  an  opening 
flf  the  integuments,  i^nd  a  protrusipn  of  ^  part  of 
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tlie  large  intestines,  that  is,  of  the  coecum,  of  the 
transverse  arch  of  the  colon,  and  of  a  part  of  the 
redlum,  which  were  reversed  in  such  a  way  as 
that  their  internal  surface  was  become  the  exter- 
nal one.  When  the  patient  was  seated,  the  ileum 
flowed  out  with  the  colon ;  and  each  of  these 
intestines  hung  down  to  the  knee.  There  were 
two  openings,  one  on  each  side,  which  gave  issue, 
the  one  to  the  injections  administered  to  the 
patient,  and  the  other  to  the  excrements  of  ill- 
digested  aliments.  Between  the  colon  and  thq 
small  intestine,  a  large  hard  ring  was  perceptible, 
which  formed  a  nice  separation  between  them, 
and  by  which  a  strangulation  was  brought  about 
in  all  the  parts  it  comprised.  The  author  of 
these  observations  conjeiSlures  it  to  have  been  the 
valve  opening  into  the  colon,  which  had  been 
powerfully  distended  by  the  reversed  state  of  the 
intestines,  and  which,  in  the  course  of  the  seven 
years  the  disease  had  subsisted,  had  lost  its  ori- 
ginal configuration. 

As  soon  as  he  had  examined  his  patient.  Dr. 
Grapengiksser  came  to  a  resolution  to  subject 
him  to  a  series  of  galvanic  experiments,  to  which 
he  submitted  without  the  smallest  hesitation. 
The  Do6tor  accordingly  armed  a  portion  of  the 

« 

intestines  with  silver,  and  the  other  portion  with 
zinc.  Scarcely  had  a  conta6l  been  established 
between  the  two  coatings,  wl^en  the  peristaltic 

move- 
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movement  became  greatly  accelerated,  the  mxh-' 
lations  succeeding  each  other  with  an  eitraordi* 
nary  rapidity.  The  patient  Mt  an  acute  pain  of 
a  peculiar  kind  in  the  parts  ^e  metals  toucbsd. 
The  galvanic  fluid  appeared  to  augment  the 
adlion  of  the  mucous  glands^  as  wdl  as  thatof 
the  exhalent  vessels,  and  likewise  to  render  their 
secretions  more  abundant,  in  the  same  way^as  it 
had  augmented,  in  the  case  of  the'womids,  the 
secretion  of  the  serosity,  after  the  applieatioD  of 
the  vesicatories  which  Humboldt  made  on  hii 
back.  Several  large  drops  of  fluid  matter  flowed 
in  a  few  minutes  from  the  intestines  on  the  me* 
tals. 

Dr.  Gaapengiessbr  having  in  his  recx>IIeSioD 
the  experiments  relative  to  the  eflfe61:s  of  alkalis 
on  the  nerves,  slightly  moistened  the  surface  of 
the  small  intestine  with  the  carbonate  of  potash 
in  a  deliquescent  state ;  the  consequence  of 
which  was,  that  the  vermicular  motion  of  the  in- 
testines  became  at  least  six  times  more  powerful 
than  before,  although  one  application  only  of  a 
coating  was  made.  The  patient,  at  the  same 
time,  felt  an  increase  of  pain. 

The  above  experiments  are  on  many  accounts 
instru6live.  It  appears  by  them,  that  the  intes- 
tines, the  vermicular  motion  of  which  is,  in  the 
opinion  of  physiologists  in  general,  involuntary, 
are  susceptible  of  metallic  irritation.    It  follows 

from 
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from  hence,  that  the  Italian  naturalists  had  made 
an  erroneous  decision,  when  they  advanced  that 
galvanism  a6ls  alone  on  the  muscles  dependent 
on  the  will.  The  latter  of  these  experiments 
also  demonstrates,  that  the  peristaltic  movement 
of  the  intestines  is  solely  caused  by  the  irritation 
of  the  nerves,  seeing  that  it  is  impossible  to  irri- 
tate the  intestinal  canal,  without  irritating  also 
the  nervous  filaments  distributed  in  the  cellular 
membrane ;  at  the  same  time  that  the  galvanic 
stimulus  does  not  a6l  unless  the  sensible  fibre  be 
coated,  as  was  proved  by  Humboldt  at  the  com- 
mencement of  his  sixth  section. 

ScHMUCH,  who  made  his  experiments  five 
months  before  Fowler,  was  the  first  to  observe 
the  incitability  of  the  heart,  when  adted  on  by 
the  galvanic  fluid.  The  latter,  however,  had  an 
equal  claim  to  originality,  when  he  contrived  to 
'change  the  pulsations  of  the  heart,  without  an 
immediate  application  of  the  coatings  to  that 
viscus,  by  the  simple  application  of  them,  in  ex- 
periments made  on  warm  blooded  animals,  to  the 
recurrent  nerves  of  the  par  vagum,  or  eighth 
pair.  Ppapp,  Ludwig,  Creve,  and  Webster, 
confirmed  the  fidelity  of  the  observations  of 
Ppapp,  when  they  repeated  his  experiments  on 
frogs.  As,  however,  in  several  of  these  experi- 
ments, the  muscular  fibre  had  been  touched  by 
the  metals^  a  suspicion  was  entertained  of  the 

existence 
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existence  of  a  metallic  irritation.  It  therefore 
became  important  to  enter  on  new  inquiries  rela- 
tive to  this  fa6t.  The  silence  of  Scarpa,  on  the 
influence  of  galvanism  on  the  nerves  of  the  heart, 
was  an  additional  reason  why  the  experiineDtg 
should  be  repeated. 

Humboldt  engaged,  accordingly,  in  a  scries 
of  experiments  on  this  subjedl ;  and^  to  avoid 
being  led  into  error,  made  them  in  the  presence 
of  several  celebrated  physiologists,  who  paid  a 
minute  and  particular  attention  to  all  the  circum^ 
stances.  He  details  the  results  at  the  close  oi 
his  ninth  section,  in  the  analysis  of  which  we  are 
engaged. 

He  assures  his  readers  that  his  experiments  or 
the  heart  of  frogs,  lizards,  and  toads,  were,  in 
almost  every  instance,  successful.  Those  which 
he  made  on  the  heart  of  fishes,  demonstrated  to 
him,  that  if,  in  their  case,  the  viscus  is  the  most 
incitable  on  the  application  of  the  oxygenated 
muriatic  acid,  it  is  also  the  most  excitable  by  the 
means  of  metallic  irritation.  In  Poland  he  dis- 
sealed  the  fishes  of  the  Vistula,  which  were  exr 
citable  to  such  a  degree,  that  not  orily  iron  and 
silver,  but  even  copper  and  lead,  sufficed  to  ope- 
rate changes  in  the  pulsations  of  the  heart. 

These  experiments  leave  no  doubt  in  the  mind 
of  Humboldt,  but  that  metallic  irritation  a<fts 
both  on  the  muscles  dependent  on  tlie  will^  and 

on 
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bn  those  which  are  independent  of  it,  notwith- 
standing it  may,  in  the  instance  of  the  latter, 
have  a  less  powerful  influence.  As  he  has  proved, 
in  another  place,  that  the  galvanic  phenomena 
are  produced  by  the  means  of  the  sensible  fibres 
alone,  so,  likewise,  do  the  experiments  immedi- 
ately before  us  prove  this  very  important  fa(Sj 
that  the  contractions  of  the  heart  are  modified  by 
the  ner\'ous  influence.  Relatively  to  the  question, 
whether,  in  a  galvanized  heart,  the  irritation  is 
invariably  the  same,  whatever  inay  be  the  point 
of  that  viscus  to  which  the  portions  of  muscular 
Aesh,  forming  a  part  of  the  condndlor,  are  ap- 
plied, he  replies  affirmatively,  observing  that 
tliis  arises  from  the  multiplied  distribution  of  the 
nervous  filaments  in  every  part  of  its  substance. 
This  multiplicity  of  nervous  filaments  had  been 
proved  by  the  descriptions  of  Andersch,  by  the 
great  anatomical  work,  of  Soemmering,  and, move 
particularly,  by  the  plates  which  Scarpa  has 
given  of  the  cardiac  and  glosso-pharyngian  nerves. 

The  reader  must  have  observed  that  the  pre- 
ceding sections  have  been  dedicated  to  the  expo- 
sition of  the  galvanic  phenomena  in  their  fullest 
extent.  In  the  tenth  and  last  sedtion,  Hum- 
boldt considers  these  phenomena  so  far  as  they 
relate  to  the  other  powers  of  Nature.  He  seta 
out  by  an  inquiry  into  the  causes  of  galvanism, 
and  proceeds  from  these  to  an  investigation  of 

VOL.  I.  X  its 
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kg  theory.     His  first  hypothesis  necessarily  re-^ 
gards  the  theory  established  by  Galvani. 

In  the  first  se^iion  of  Humboldt's  work^mai- 
tion  was  made  of  the  great  number  of  objeSioBi 
to  which  this  theory  had  given  riete,  and  of  the 
very  satisfactory  manner  in  whidi  it  Was  refiitei 
by  Pfafp.  The  majority  of  the  experhnctaUi 
made  by  M.  Humboldt  himsdf^  have  also  bended 
to  demonstrate  its  insufficiency.  By  abandoa^ 
ihg,  however,  the.  theory  of  galvanism^  founded 
on  the  analdgy  o€  its  phenomena  with  those  ^C 
the  Leydeii  piiials  ;-^a  theory  which  has  as  feel^ 
a  basis  as  the  calcidajtions  of  Sauvaoss  on  the 
cdetity  i}f  the>animal  spirits,  the  name  of  GaL' 
tani  will  not  sufier.  It  will  be  immortaIk:ed ; 
and  future  ages,  in  availing  themselves  of  the  ad-» 
vantages  of  his  discovery,  will  acknowledge  that 
physiology  owes  to  Harvey  and  Galvani  its 
two  principal  and  fundamental  supports. 

Our  author  takes  no  notice  whatever  of  the 
theory  of  Valli,  on  account  of  its  being  anak)-^ 
gous  to  the  preceding  one,  and  because  it  is  in- 
volved in  so  many  perplexities,  as  to  be  refoted  by 
each  of  the  experiments  on  metallic  irritation. 
That  pf  Volta,  founded  on  the  destrudlion  of 
the  eic6lrical  equilibrium,  is  the  most  plausible  of 
all  those  by  which  an  explanation  of  galvanism 
has  been  attempted,  and  is,  at  the  same  time,  the 
one  which  comprehends  the  greatest  number  of 
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£11^6.  It  is  explained  by  Humboldt  in  all  lU 
genuine  simplicity  ;  but  the  experimeDts  made  by 
the  latter,  oblige  him  to  declare  himself  the 
adversary  of  Volta.  In  his  refutation  he  em- 
ploys  all  the  circumspedlion  due  to  a  man  whose 
inventive  genius,  spirit  of  observation,  and  great 
address  in  experimenting,  have  been  long  known. 
The  opinion  of  the  physiologist  in  question, 
was,  in  the  first  instance,  that  metallic  irritation 
is,  according  to  every  probability,  to  be  entirely 
ascribed  to  an  unequal  distribution  of  the  eledtric 
fluid.  Having,  however,  afterwards  observed 
that  several  of  the  fa<5ts  he  met  with  in  his  ex- 
periments, could  not  be  ascribed  to  external  elec- 
tricity, he  became  persuaded  of  the  existence  of  a 
particular  fluid,  hitherto  unknown,  accumulated 
in  the  sensible  fibre;  and  this  fluid  lie  denomi- 
nated animal  ele^ftricity.  The  complete  exposi- 
•  tion  of  his  theory  will  be  seen  hereafter,  in  our 
ftnalysisof  his  Letter  to  Sir  Joseph  Banks.  Not- 
Withstanding  it  is  founded,  as  has  already  been 
observed,  on  the  destruiSion  of  eleiftrical  equili- 
brium ;  and  although  it  may  be  applicable  to  a 
great  number  of  new  discoveries ;  this  theory 
appears  to  Humboldt  to  have  been  completely 
overturned  by  several  of  his  experiments,  as  well 
as  by  the  faifts  he  cites,  with  which  it  is  in  mani- 
fest contradiction. 

'     When  our  naturalist  himself  engages  in  the 
X  2  task 
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task  of  hazarding  an  explanation  of  metailiii 
irritation^  and  of  its  diffetent  efibdls  on  the  mos^ 
cular  fibres^  he  does  not  undertake  to  refer  to 
one  and  the  same  principle,  all  the  galvanid  phe- 
Yiomena^  the  degrees  of  the  complication  of  which 
^re  so  different ;  or  to  substitute  another  doe- 
trine  to  that  of  the  eledrical  equilibrium.  'He 
confines  himself  to  a  comparison  of  the  h&s; 
sndy  while  he  calls  the  attention  of  his  readers  to 
the  relations  they  have  with  each  other^  he  pointi^ 
out  the  probable  mode  of  coming  at  a  more  pre- 
cise and  extensive  knowledge  of  the  subjeA  he 
discusses.  To  communicate  a  thorough  know-> 
ledge  of  the  theory  of  Humboldt,  it.  would  be 
necessary  in  this  place  to  copy  all  the  principles 
he  lays  down,  as  well  as  all  the  results  of  the  ex- 
periments he  made,  J  and  the  general  details  into 
which  he  enters.  As  the  plan  we  have  laid  down 
does  not  admit  of  so  dilated  an  account,  we  must 
refer  such  of  our  readers  as  are  desirous  of  this 
very  particular  information,  to  the  work  itself,  and 
-shall  confine  ourselves  to  an  exposition  of  a  few 
of  the  principles  and  results,  by  which  his  doc- 
trine is  sufficiently  well  established,  to  afford  a 
clear  and  distinct  knowledge  of  it.  These  prin- 
ciples and  results  we  shall  divide  under  eight 
different  heads. 

1st,  As   the   organs  are  enabled  to  manifest, 
solely,  and  by   themselves,   the  phenomena  of 

galvanism, 
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galvanism,    it  is  evident  that  they  contain  the 
stimulating  cause. 

2dly,  Our  author  points  out  the  necessary  con- 
ditions to  enable  the  metalUc  irritation  to  pre- 
serve its  efficacy  in  the  different  degrees  of  the 
diminution  of  irritability. 

3dly,  He  gives  his  theory,  which  is  founded  on 
the  existence  of  a  particular  fluid,  residing  in  the 
organs,  and  on  its  accumulation,  occasioned  by 
the  obstacles  with  which  it  meets. 

4thly,  He  attempts  to  explain  all  the  pheno- 
mena, which  he  establishes  on  a  small  number 
of  simple  principles. 

Sihly,  He  explains  the  differences  and  rela- 
tions betweeri  the  galvanic,  ele(5tric,  and  mag* 
petic  fluids. 

Othly,  He  describes  the  particglar  effetSs  of 
oxygen  and  zinc. 

7thly,  He  treats  of  the  afliye  atmosphere  of  - 
Jiving  organs,  and  of  tlie  hypotheses  which  relate 
to  it. 

8thly,  and  lastly,  He  expresses  his  doubt  relg.. 
lively  to  the  explanation  of  galvanism  given  by 
Creve,  who  flattered  himself  that  he  had  disco- 
vered the  nature  of  galvanic  irritation,  and  pre* 
tended  that,  by  the  means  of  two  metals,  or  by 
the  means  of  one  metal  and  a  piece  of  charcoal, 
the  water  by  which  the  nerve  and  the  muscle  ar^ 
.surrounded  is  partly  discompo5e(J  j  an4  that  th? 
X  3  oxygeoj 
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Mjg^n,  being  attracted  by  the  carbonated  mat** 
ter^  is  separated  from  the  hydrogen.  He  adds^ 
thiat  this  decomposition  dees  not  take  place  in 
the  fihrt  instanc6>  unless  in  the  portion  of  water 
#hich  is  in  immediate  contact  with  the  metallic, 
or  other  substances,  but  that  it  afterwards  exteoda 
beyond  that  point.  Cheniistry,  physiology,  and 
pra6tical  medicitid,  ought,-  according  to  Cbjbtb^ 
to  derive  very  gre^t  advantages  from  this  disco- 
very, on  the  nature  of  metallic  irritation.  He 
eVeh  hopes  that  ite  iTTflueiic^  will  be  extended  to 
tfie  different  brtoches  of  matbematica  and  natu*. 
1^1  philosophy. 

Iri  the  above  analysis  6{  the  very  learned  and 
philosophical  work  of  HuiCBOLBTy  the  long  se* 
ries  of  experiments  it  contains  have  hot  been 
^en,  because,  in  the  first  place,  they  are  at  this 
time  generally  known ;  and,  secondly,  because  the 
Majority  of  them  could  not  have  been  compre- 
hended, vnthout  the  plates  which  are  given  at  the 
end  of  the  work.  It  will  therefore  suffice  to  state 
genertdly,  what  they  all  contribute  to  prove, 
liamely,  that  an  animal^  a  pari  of  which  is  brought 
fh  tontaS  with  a  metallic  substance,  which  may  be 
Seniminated  its  e&ating,  meinifests,  several  hours 
Wen  after  its  death,  powerful  contraSlions,  when 
tHe  ebaitng,  on  the  one  hand,  and,  on  the  other,  the 
adjacent  museles,  are  touched  with  the  two  extrt* 
unities  of  another  metfii. 
'     ^.  It 
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, "  It  may  not  be  improper  in  this  place  to  give  % 
short  account  of  the  discovery  of  Creve  on  me- 
tallic irritation^  referred  to  above.  The  most  im* 
portant  circumstance,  and  the  one  which  has  been 
long  considered  as  being  absolutqly  essential  j^ej 
the  successful  issue  of  galvanic  experinients,.-M 
that  there  should  be,  in  the  circuit  or  battery, 
two  metals  differing  in  their  nature.  It  has  ^ 
ready  been  noticed,  however,  that  it  has  hee^ 
proved,  by  experiments  posterior  to  those  of 
Cbbve,  that  the  efFe<fts  of  the  galvanic  influence 
are  not  confined  exclusively  to  the  cases  of  th^ 
application  of  metallic  substances.  We  shall 
now  see  how  they  a6t,  according  tp  the  theory  of 
the  above  physiologist,  and  what  are  the  f^ffiedlf 
produced  by  metallic  irritation. 

Several  of  the  naturalists  who  have  written 
on  the  subjeA  of  galvanism,  have  granted  tq9 
much  to  the  vital  forces,  while  their  influence 
has  not  been  duly  appreciated  by  others.  Ac^ 
cording  to  Cre  vb,  the  irritant  discovered  by  GaLt 
VANi  belongs  to  the  class  of  chemical  irritants^. 
He  explains  the  phenomena  of  galvanism  in  the 
following  manner : 

^^  When  a  communication  is  established  be- 
tw^een  two  metals,  or  between  a  single  metal  and 
charcoal,  the  water  by  which  the  muscles  or  the 
nerve  is  surrounded,  is  partly  decomposed.  The 
oxygen,  one  of  its  elements,  haviag  a  greater 
w  .    .  ,  X  4  affinity 
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affinity  with  the  charcoal,  or  with  the  metal, 
than  with  the  hydrogen,  quits  the  latter.  The 
decomposition  merely  takes  place  in  the  quantity 
of  water  immediately  in  conta^  with  the  metals; 
but  the  sphere  of  the  influence  of  this  decom-. ' 
position  has  a  less  limited  extent,  as  is  proved 
by  the  following  experiment.  If  you  place  8 
metallic  apparatus  in  a  glass  filled  with  waterj 
and  if  you  afterwards  introduce  your  tongue  into 
this  liquid,  at  the  distance  of  nearly  an  ind^ 
from  the  metals,  you  will  be  sensible  of  the  acrid 
and  astringent  impression  which  is  chanuSteristio 
of  metallic  irritation.  The  tongue  is  afFe<Sled 
because  it  is  placed  in  the  sphere  of  the  ^u^oa 
of  the  decomposed  water ;  and  the  nearer  it  is 
brought  to  the  part  where  the  metals  communi-^ 
cate  with  each  other,  the  greater  is  the  intensity 
the  sensation  acquires.*' 

However  Humboldt  may  have  expressed  his 
doubts  relatively  to  exadlitude  of  this  theoretical 
explanation,  the  above  appearances  seem  to  point 
put  the  mode  in  which  natural  history  and  medi- 
cine may  be  improved  by  the  help  of  chemistry. 
In  the  sciences,  Creve  very  justly  observes,  every 
thing  is  afFefled  at  the  same  time ;  and  the  ana- 
lysis of  water  and  air,  may,  as  well  as  that  of 
the  ideas,  have  an  inestimable  influence  on  each 
of  the  physical  and  natural  acquirements.  This 
important  truth  acquires  a  new  degreq  of  evi- 
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dence  from  the  researches  and  favourable  pre- 
sentiments of  M.  Cbeve.  More  precise  ideas 
relative  to  the  disengagejnent  of  hydrogen,  and 
to  the  effciSi  its  passage  through  the  atniosphera 
ipay  have  on  animatefl  bodies ;  a  more  perfect 
knowledge  of  the  nature  af  the  oxydation  of 
metals  in  the  bowels  of  the  earth  ;  more  certain 
data  relative  t,o  the  phenomena  of  galvanism ; 
and,  perhaps,  the  diacovery  of  a  new  branch  of 
curative  means,  by  a  recourse  to  metallic  irri- 
tants ; — such  are  several  of  the  corollaries  to  be 
drawn  from  his  observations.  We  will  now  foU 
low  another  physiologist,  FabbonIj  in  several 
of  his  details  on  the  reciprocal  chemical  aflioa 
of  different  metallic  substances,  and  on  the  ex- 
planation of  several  galvanic  phenomena. 

It  has  been  seen,  in  several  parts  of  this  work, 
that  various  authors  have  comprehended,  among 
the  phenomena  of  galvanism,  the  one  which 
BuLTzER  mentions  in  his  Theory  of  Pleasures, 
that  is,  the  sensation  which  is  manifested  on  the 
tongue,  as  soon  as  a  mutual  contaft  is  established 
between  two  metals,  which  would  not  have  ex- 
cited any  sensation,  if  they  h^d  been  separately 
applied  to  that  organ.  Fabboni  expresses  his 
persuasion  that  the  identical  agent  which,  in  the 
above  case,  produces  an  unexpected  savour,  may 
likewise  be  productive  of  spasmodic  contra<9.ion3 
pf  the  animal  fibre,  as  soon  as  it  is  brqught  in 
con^ft, 
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oonta6ty  at  one  and  the  same  time,  with  tht 
sensible  parts,  and  irritable  parts,  each  of  them 
laid  bare.  Far,  however,  from  agreeing  with  the 
other  physiologists,  in  ascribing  these  eflEeds  to 
an  almost  unknown  agent,  such  as  the  eledrjp 
fluid,  he  conceived,  in  the  first  instance,  thst 
they  merely  depended  on  a  chemical  operalioa. 
So  early  as  179^>  he  made  several  experiments 
on  this  subject ;  and  communicated  them  to  the 
Academy  of  Sciences  oi  Florence. 
.  Various  fsi€ts  which  he  observed  at  different' 
times,  convinced  him  that  metals  have  a  recipro- 
cal ^6lion  on  each  other ;  and  that  the  pheno* 
mena  which  are  displayed  at  the  time  of  their 
union,  or  contadl,  are  to  be  ascribed  to  this  aco 
tion.  He  was  also  satisfied  by  other  fadls,  diat 
metals,  in  the  exercise  of  their  power  of  recipro- 
cal attra6lion,  must  diminish,  in  the  same  pro* 
portion,  the  force  of  respective  aggregation  ;  and 
that,  although  neither  of  them  can,  separately, 
attract  the  oxygen  of  the  atmosphere,  or  deprive 
water  of  that  principle,  they  acquire  the  power 
to  do  so  by  their  simple  mechanical  conta6l,  in 
consequence  of  the  new  combinations  which  take 
place.  There  is,  therefore,  according  to  his  doc- 
trine, reason  to  «uspe6l  that  several,  if  not  all 
the  effedls  produced  on  the  animal  body  by  the 
metallic  coatings,  applied  to  the  nerves  and 
muscles^  are  ascribable  to  a  chemical  operation^ 

namely, 
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namely,  to  the  passage  of  the*  oxygen  from  any- 
given  combination  to  a  new  one,  and  to  the  de- 
velopment of  the  soluble^  or  sapid  principle  sa 
s^ofsiUy  manifested  in  the  organ  of  taste. 

Fabboni  does  not^  however,  undertake  to  ex-^. 
elude,  in  the  principal  fa6ls  which  result  from 
galvanism,  every  possibility  of  cledrical  influence. 
His  aim  is  principally  to  prove,  that  this  princi-* 
pie  has  no  connexion  whatever  with  the  pheno- 
menon observed  by  Sultzer  ;  and  likewise  tha( 
several  other  analogous  fa(Sis  are  drawn  from  the 
same  source.  In  repeating  the  experiment  made 
]>y  the  latter  physiologist,  he  remarked  thatj 
when  he  wiped  his  tongue  with,  all  possible  care^ 
the  sensation  which  is  produced  by  the  imme-« 
diate  contact  of  the  two  metallic  substances, 
was  diminished  to  such  a  degree  as  to  be  scarcely 
'  distinguishable.  He  concluded  from  hence,  that 
the  saliva,  the  lymph,  or  a  humidity  of  some 
kind,  has  an  influence  on  the  phenomenon  in 
question ;  and  that,  according  to  every  proba- 
bility^  it  is  this  humidity  which,  either  totally  or 
in  part,  forms  a  sapid  combination  with  the 
metal,  the  aggregation  of  which  is  weakened  by 
the  contadl  of  another  metal  with  which  it  has 
an  afiinity.  By  the  experiments  he  made  on  this 
aubjedl,  with  metals  plunged  Iti  water,  he  was 
fx>nvinced  that  a  chemical  adiion  had  taken  place; 
and  that  it  was  unnecessary  to  seek  elsewhere  th^ 

nature 


9l6      PABRONI  ON  METALLIC   IRBITATIOX. 

nature  of  the  new  stimulus,  which,  in  Sultzer*9 
experiment,  had  been  called  galvanism.  He  con- 
aidered  that  it  was  manifestly  owing  to  a  slow 
combustion  end  oxydation  of  the  metal ;  which 
combustion  must  have  been  accompanied  by  an 
attradion  of  oxygen,  and  by  a  disengagement  of 
light  and  caloric.  That  the  light  is  set  free,  is 
fully  proved  by  a  very  ingenious  experiment  which 
Fabroni  describes. 

Being  persuaded  that  the  sensation  of  savour, 
and  the  emanation  of  light,  in  8ultzsr*8  ex- 
periment, are,  as  has  been  before  observed^  merely 
the  result  of  a  chemical  operation,  he  endeavouri 
to  disprove  the  physical  arguments  brought  for- 
ward by  those  who,  to  justify  their  hypothesis, 
ascribe  the  above  phenomena  entirely  to  ele6hi-r 
city.  One  of  his  proofs  is  dra>vn  from  the  dura- 
tion of  the  operation,  cledlricity  invariably  a6ling 
in  an  instantaneous  manner,  and,  on  the  other 
hand,  the  cfFecfts  of  chemical  affinities  lasting  as 
long  as  there  are  any  non-saturated  re-a6lives 
left.  If,  among  other  proofs,  he  observes,  it 
were  necessary  to  demonstrate  that  ele6lricity  i3 
totally  unconne6lcd  with  the  phenomena  in  ques- 
tion, the  experiments  ptiight  be  varied  in  such  a 
way  as  not  to  prevent  the  effedls  of  the  deflric 
fluid,  and  to  be  certain  at  the  same  time,  by  the 
evidence  of  the  sight,  that  the  combustion  which 
takes  place  depend^  on  the  disposition  of  the 
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Itietals,  and  on  their  chemical  affinity.  The 
processes  he  points  out  for  this  purpose,  and  the 
«fFefts  which  result  from  them,  seem  to  be  un- 
answerable. "  It  is  very  clearly  seen,"  he  ob- 
serves, in  concluding,  "  by  the  results  I  have  ob- 
tained from  the  simple  conta6t  of  two  metals, 
that  is,  by  the  oxyde  and  saline  crystals,  that  a 
chemical  operation  is  brought  about,  to  which 
the  sensations  produced  on  the  tongue  and  -on 
the  eye  are  ascribable.  It  is  therefore  highly 
probable,  that  the  mysterious  stimulus,  which 
.produces  the  convulsive  movements  of"  the  ani- 
■mal  fibre,  in  a  great  part  at  least  of  the  galvanic 
phenomena,  is  owing  either  to  these  new  com- 
pounds, or  to  their  elements." 

The  following  letter  of  the  celebrated  Vassal- 
z-i-Easdi,  relative  to  the  phenomena  of  the  tor- 
pedo, which  are  very  analogous  to  the  elFedls  of 
galvanism  on  animals,  is  inserted  here,  because 
it  tends  to  confirm  the  theory  of  Humboldt, 
described  in  the  early  part  of  the  present  chapter. 

"  I  have  perused  Humboldt's  work  on  gal- 
vanism, which  appears  to  me  to  be  the  most 
complete  that  has  hitherto  appeared*.  I  was 
well  pleased  to  find  that  he  agrees  with  me 
in  opinion,  that  no  certain  conclusion  has  as  yet 


*  This  Idler  was  written  at  ibe  commencement  of  Jiilj' 
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been  drawn  relatively  to  the  natare  of  the  grf* 
Vanic  fluid.  He  expresses,  at  the  same  time,  hid 
doubts  on  that  of  the  phenomena  of  the  eledri- 
ral  fishes,  which  he  means  to  make  the  (HojtSi 
of  a  futute  inquiry.  I  have  no  doubt  but  that 
his  inventive  genius  will  enrich  this  part  of  nt- 
tural  philosophy  by  the  most  interesting  dis- 
coveries, at  the  same  time  that  he  will  still  con- 
tinue  to  extend  the  boundaries  of  the  other 
branches,  in  which  he  has  so  highly  distinguished 
himself,  by  taking  the  most  efFe<9:ual  route  to 
come  at  the  truth.  In  the  mean  time  I  shaK 
point  out  my  opinion,  both  as  to  what  still  re- 
mains to  be  done  towards  the  discovery  of  the 
real  cause  of  the  phenomena  of  the  torpedo,  and 
the  theory  by  which  they  may  be  explained.  In 
the  first  place,  I  shall  undertake  to  prove  the 
veracity  of  the  fads  announced  by  Reamuk, 
Hunter,  Walsh,  and  several  other  physiolo- 
gists. It  even  appears  to  me,  that  I  have  found 
«ome  truths  among  the  fabulous  stories  which 
Aristotle,  Pliny,  and  Theophrastus,  have, 
as  well  as  their  commentators,  published  rela- 
tively to  the  torpedo.  I  shall  endeavour  to  form 
a  just  appreciation  of  the  singular  relations  which 
Schilling  and  Kempper  have  given  on  this  sub- 
jed^.  The  observations  of  Spallanzani  will, 
however,  claim  my  most  particular  attention, 
seeing  that  they  interest  me  more  than  those  of 
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ady  of  the  authors  who  have  preceded  him  m 
this  interesting  inquiry ;  and  because  they  have 
H  great  analogy  to  the  theory  of  fishes  possessing 
th^  faculty  of  giving  electric  shocks,  as  it  wa$ 
propounded  by  me  in  1790  to  the  leatined  Ss^ 

*^  May  I  therefore  be  permitted  to  advert  to 
the  above  observations,  before  I  proceed  to  th^ 
theory  of  the  phenomena  of  the  torpedo,  which 
I  am  about  to  submit  to  the  public.  Bein^  at 
Pavia  in  the  year  1790,  my  friend  Spallanzani, 
to  whom  I  had  before  communicated  my  opinion 
relative  to  eledlric  fishes,  shewed  me  his  large 
plates  of  the  anatomy  of  the  ele6b*ic  organs  of 
the  torpedo,  and  told  me  that,  having  cut  the 
three  great  nervous  trunks,  which,  in  branching 
out,  embrace  the  prisms,  filled  with  soft  matter, 
that  compose  the  greater  part  of  the  body  of  the 
torpedo,  he  observed  that  th6  animal  had  lost 
the  faculty  of  giving  shocks.  This  led  me  to 
flae  observation  that,  in  the  case  of  the  torpedo, 
the  nerves  express  the  eledlricity  contained  in  the 
muscles ;  notwithstanding  which,  when  the  nerves 
4iave  not  been  touched,  the  animal  is  capable  of 
-giving  weak  shocks,  some  time  even  after  its 
ideath. 

-     ^^  The  other  observation  made  by  Spallan- 

XANi  is,  that  the  fetusses  of  the  torpedo  are,  in 

:the  belly  of  their  mother,  united  to  the  egg  by 
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the  umbilical  cord ;  and  that^  in  ^thdraicatig 
them,  they  bestow  slight  shocks.  He  shewed 
me,  in  his  museum^  several  of  these  torpedo§ 
attached  to  the  eggs,  observing  that  he  had 
himself  felt  the  shocks  they  gave  under  the  abov€ 
circumstances.  The  details  of  what  had  been 
observed  relatively  to  the  other  fishes  j^Misessing 
the  faculty  of  giving  shocks,  by  MusCHEiCB^Ui 
Bajon,  Vanderlot,  Fermin,  &:c.  together  with 
the  anatomy  of  the  torpedo  and  gymnotus  elec- 
tricus,  by  Redi,  LorenzinI,  Borblu^  Hunteb, 
Reamur,  &c.  supplied  me  with  the  necessary 
(ri>servations  to  ascertain  the  true  stru<^ure  of 
these  animals.  On  the  fadls  contained  in  the 
above  authors  I  have  founded  my  theory,  which 
I  shall  explain  more  fully  hereafter,  provided  it 
should  appear  that  its  basis  is  established  on  true 
ptinciples.     It  is  briefly  as  follows  : 

"  I  suspedl  that  the  fish^  which  give  shocks, 
possess  the  faculty  of  condensing  the  eledric 
fluid  in  a  given  part  of  their  body  ;  and  that,  in 
the  ordinary  position  of  their  internal  organs, 
this  fluid  is  retained  by  a  non-condu6ling  t/ef/, 
which  afterwards,  either  by  the  means  of  rare- 
fadlion,  or  by  the  addition  of  the  humours,  be- 
comes a  condu6lor,  and  admits  the  passage  of  the 
condensed  cledricity,  as  often  as  the  fish  is  dis* 
posed  to  give  a  shock.  According  to  this  theory, 
the  eledlricity  is  supplied  by  the  air,  and  by  the 

nourish- 
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Nourishment,  as  in  the  case  of  other  aririhalJ; ; 

• 

fend  the  eledtrifc  organs  constitute  the  part  of  the 
body  in  which  thfe  ele6lric  fluid  is  condensed. 
The  medium  in  which  the  torpedo  Hves,  does 
not  oppose  ally  obstacle  to  this  theory,  whether 
the  stru6lure  of  the  animal  be  considered,  or  the 
nature  of  the  watery  element^  so  far  as  electricity 
is  concerned. 

*^  I  shall  not  undertake  to  prove  the  former 
'<)f  these  propositions,  which  possesses,  notwith- 
standing, a  vei*y  great  degree  of  probability^  It 
demonstrates  that  the  different  parts  of  the  ani- 
mal have,  at  one  and  the  same  time,  contrary 
electricities;  and  the  denomination  of  eledlric 
organs  which  has  been  given  by  various  physio- 
logists, to  the  muscles  described  by  Redi  and 
Fermix,  appears  to  me  to  confirm  the  second 
proposition.  Be  it  observed  that  they  did  not 
bestow  this  name  on  the  muscles  of  the  fishes 
to  which  it  refers,  and  which  possess  the  faculty 
of  giving  shocks,  until  after  they  had  been  per- 
suaded that  the  commotion  which  is  received 
is  electrical,  and  that  it  arises  from  the  above 
organs. 

**  I  might  also  strengthen  my  assertion  by  the 
nature  itself  of  the  organs  of  the  torpedo,  which 
are  composed  of  a  great  number  of  hexagonal 
and  pentagonal  tubes.  Hunter  counted  1 182  of 
these  tubes  in  a  muscle  of  a  torpedo  about  a  yard 
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in  length ,  and  they  are,  according  to  RxamoMi 
divided,  each  into  several  other  small  tubes,  or 
cells,  filled  with  a  white  and  glutiaous  substa&cei 
which  appears  to  be  well  calculated  to  retain  tiie 
ele£iricityi  If  we  proceed  to  the  examination  of 
the  struiSlure  of  the  gymnottu  eleRricua^  consist^ 
ing  in  a  great  measure  of  a  mucilage,  which 
dissipates  itself  when  rubbed  between  the  fingers; 
and  if  we  inspect  the  surface  of  its  body^  which 
is  covered  by  small  yellowish  points^  we  find  the 
latter  to  be  the  orifices  of  a  ^milar  number 
of  small  tubes,  the  majority  of  which  are 
disposed  on  the  head,  and  on  the  other  parte 
that  communicate  the  most  powerful  ahodo. 
This  strudure  agrees  perfeftly  well  wilii  mj 
opinion  relative  to  the  cause  of  the  pheno- 
menon. 

•*  The  effort  made  by  the  torpedo  before  it 
gives  the  shock,  together  with  the  contradlion 
of  its  body,  which,  from  being  convex,  becomes 
concave,  and  the  depression  of  its  eyes,  which 
takes  place  at  the  same  time,  may  tend  to  ex- 
plain the  modification  of  the  non -conducing 
veil,  and  the  escape  of  the  eledlric  fluid.  Every 
one  is  well  acquainted  with  the  influence  of  ouj: 
passions,  and  of  our  will,  in  modifying  our  in- 
ternal organs  ;  and  it  is  besides  known,  that 
bodies  lose  their  capacity  to  contain  eleftricity, 
in   proportion   as  their  volume  is   diminished. 

From 


Phenomena  of  the  toiip£:iio>  S28 

¥rom  hence  shnuld  foUow,  in  the  torpedo,  3 
,greater  condi;nsation  of  the  eleAricity,  by  the 
iiroinution  of  the  volume  of  the  aaimal,  and  » 
modification  of  the  non-cotldn<fting  veil,  pro- 
iboed,  at  the  same  time,  either  by  ihe  will,  or 
ty  the  influence  of  the  passions.  Consequently 
the  shock,  will  be  merely  a  result  of  the  known 
laws  of  the  electric  fluid,  and  of  the  physicd 
state  of  the  animal.  The  diminution  of  the  suc- 
cessive shocks,  their  frequent  failure,  and,  lastly, 
their  total  discontinuance,  are  obedient  to  the 
same  laws.  The  observation  made  by  Abil- 
^OARij,  who,  when  at  Naples,  galvanized  the 
torpedo,  and  who  could  not  find  in  it  any  par- 
ticular irritation,  may  be  adduced  in  proof  of  the 
Action  of  the  will  in  the  phenomena  exhibited 
4»y  ttiat  fish. 

'  The  ideas  I  Itave  just  developed  I  am  very 
far  from  giving  as  conclusive  reasonings.  It  ap- 
^ars  to  me,  however,  that  they  possess  a  cer- 
tain degree  of  probability  ;  and  it  will  be  highly 
Iflattering  to  me  if  they  should  be  found  to 
ftontribute  to  the  explanation  of  the  pheno- 
inena  of  the  torpedo,  by  supplying  naturalists 
vith  new  subjects,  which  may  give  rise  to  a 
•number  of  interesting  experiments  and  obser- 
vations. If  experiments,  observes  Bacon,  do 
fiot  answer  the  enpedationj  they  still  inform 
Y  3  the 


824^  f HBMOVENA  OF  THE  TOJSiPEI3a. 

the  mind.  Consequently  the  researches  rf* 
lative  to  a  phenomenon  which  is  still  *  ixatx* 
f)Iained^  cannot  fail  to  be  advantageous  to  the 
sciences."     r,* 

.  To  the  faArf  contained  in  the  above  letter  of 
Va8salli-EAndi>  it  tvill  not  be  amiss  to  add^ 
that  the  experiments  made  by  Mr.  Walsh,  to 
which  he  refers  at  the  commencement^  and  whicA 
are  to  be*  found  in  the  Philosophical  TransadtioDS 
for  the  ye^r  1773,  were  repeated  at  Rochelle  on 
a  considerable  number  of  torpedos,  in  the  case 
of  which  the  learned  naturalist  in  question  con- 
stantly felt  the  commotions,  but  without  any 
manifestation  of  asp^rk.  In  1776  he  was  enabled 
to  make  several  experiments  on  the  gymnotus 
eledlricus,  or  tremulous  eel  of  Surinam,  and  not 
only  felt  the  shock,  but  observed  the  ele6}ric 
spark.  He  also  obtained  the  same  result,  in  ex- 
perimenting, in  London,  on  five  living  fishes  of 
this  description.  M.  Guisart  also  made^  at 
Cayenne,  several  experiments  with  two  gun 
barrels,  one  of  which  was  brought  in  contaft 
with  the  head,  the  other  with  the  tail  of  the 
fish,  and  perceived  the  elc6iric  spark.  Thus,  it 
has  been  fully  proved  that  the  phenomenon  re- 
ferred to  is  truly  elcdirical.  It  had  not,  how* 
ever,  been  extended  to  other  animals,  beside  the 
clcdtrical  fishes,  until  the  observation   made  by 

COTUGNO^ 
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CoTUGNO,  alluded  to  in  the  third  page  of  this 
work,  was  published.  This  observation  is  the 
more  interesting,  as  it  gave  rise  to  the  experi- 
ments made  by  Galvani,  which  led  to  his  im- 
portant discovery. 
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]^xtra5l  from  a  memoir  by  M.  Vfk^v^  relative 
tQ  the  experiments  of  Humboldt  described  m 
the  preceding  chapter. — Memoir  of  M,  Lkhot, 
on  the  circulation  of  a  very  aSive  fluid  in  th 
galvanic  chain^  and  on  the  dire&ion  of  its  m(h 
tion. 


IT  would  appear  that,  in  the  case  of  experi- 
inents,  th^  results  should  be  the  same  to  every 
man  of  science ;  and  that,  when  they  are  repeated, 
what  has  been  sensible  to  the  touch  and  to  the 
eye  of  the  first  experimenter,  should  be  equally 
60  to  the  second,  the  third,  and  so  on.  For,  be 
it  observed,  it  is  not  the  same  with  the  external 
as  with  the  internal  senses.  Our  mode  of  rea- 
soning, our  judgment,  and  our  ideas^  necessarily 
vary,  according  to  the  manner  in  which  each 
individual  views  the  objedl  he  examines,  or  ac- 
cording to  his  prejudices,  and  the  first  idea  he 
has  conceived  of  its  explanation.  But  ought  it 
to  be  the  same,  when  the  obje6l  is  subjedled  to 
the  external  senses,  to  the  sight  and  to  the  touch, 
^d  when  the  experiments  present  phenomena 

which 
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which  are  manifest  to  these  senses?  And  why 
we  not  these  phenomena  invariably  the  same  to 
each  of  the  observers  ?  Whatever  the  cause  of 
this  may  be,  it  is  certain  that  it  occurs  daily  ; 
and  the  galvanic  experiments  of  M.  Humboldt, 
described  in  the  preceding  chapter,  are  an  addi- 
tional proof  of  the  justness  of  the  remark. 

A  little  time  after  his  work  had  appeared,  M. 
1*FAPP,  the  celebrated  physiologist  of  Kiel,  pub- 
lished a  memoir  on  the  esperinwnts  it  contains, 
which  engrossed  much  of  the  conversation  of  the 
Bcientific  world.  After  having  repeated  HrM- 
Boldt's  esperimttits,  he  there  asserts  that  he 
found  results  totally  different  from  those  which 
that  naturalist  had  announced.  He  undertakes 
to  prove  that  the  chemical  ai^lion  of  different 
bodies  on  the  fibre,  agreeably  to  the  supposition 
of  Hdmboldt,  does  not  exist ;  and  that  these 
■bodies  a6i  merely  because  they  form  a  part  of 
the  ele<5lric  chain.  He  besides  endeavours  to 
demonstrate,  that  the  different  hypotheses  laid 
down  by  Humboldt,  are  in  contradiiftion  to  each 
other ;  and  that,  after  a  perusal  of  his  work,  the 
reader  has  made  no  farther  advances  than  here- 
tofore, in  the  knowledge  of  the  physiology  of 
organized  bodies.  He  is  persuaded  that  we 
ought  rather  to  confess  our  ignorance  relative  to 
the  unknown  process  of  vitality,  than  to  pay  an 
Intention  to  hypotheses  so  devoid  of  all  |»'Oof  and 
7  4  demon* 
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demonstration  as  are  those  of  JIumboldt.  Hc 
is  of  opinion  that  a  false  application  of  chemistry 
to  the  physiology  of  the  human  body,  occasions 
the  retrogradatipn,  r^thpr.th^  the  pogressof 
science, 

*f  We  give  way,  he  observes,  to  an  agreeable 
illusion,  and,  imagining  our  knowledge  to  be 
complete,  we  cease  to  investigate.  Who  would 
ever  have  imagined  th^t  two  or  three  drops  of 
C^lkali,  or  of  the  oxygenated  muriatic  acid^  would 
be  capable  of  producing  ^  cheipipal  phange  in  a 
great  number  of  muscles,  all  of  lyhich  become 
convulsed  on  the  application  of  the$e  substances  i 
Humboldt  supposes,  in  the  first  place,  that  the 
fixed  alkalis  a6l  by  the  peans  of  the  azote  and 
hydrogen  whiph,  according  to  him,  they  contain ; 
^nd,  secondly,  that  two  oxydable  bases,  the  azote 
and  the  hydrogen,  advance  the  chemical  process 
of  vitality,  while  two  other  similar  basjes,  con- 
tained in  the  carbonated  hydrogen  gas,  namely, 
the  hydrogen  and  the  carbonate,  retard  that  pro- 
cess. He  assures  us  that  two  substances,  so  very 
different  as  fixed  alkali  and  the  oxygenated  mu- 
riatic acid,  acSl  in  the  3ame  manner,  at  the  same 
time  that  the  chemical  affinities  of  these  twQ 
substances  are  altogether  opposite.  No,  no,  he 
pxclaims, — it  is  not  by  chemical  affinities  that 
}ife  is  to  be  explained  T* 

H^  attempts  to  prove,  by  ^  series  pf  very  in7 

genious 
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genious  experiments,  that  water  is,  in  this  case,^ 
if  not  the  sole  agent,  at  least  the  principal  one,^ 
He  observes  that,  by  employing  a  bit  of  spunge,: 
moistened  with  water,  the  different  effects  de-r. 
tailed  in  Humboldt's  experiments  may  be  pro-^ 
duped ;  and  expresses  his  persuasion  that  gaU 
v^nism  is  notliing  more  than  animal  eledlricity, 
!which  has  been  long  known,  and  latterly  brought 
forward  by  Galvani,  Humbolpt,  and  others,  to 
be  again  forgotten.  It  must  be  confessed  that 
this  is  a  very  bold  assertion, 

•**  It  cannot  be  questioned,''  says  PFAFP,/rbUt 
that  vital  chemistry,  which  appears  to  be  the  fia-» 
yourite  objecSl  of  the  meditations  of  the  physi- 
ologists of  the  present  day,  has  been  elucidated, 
SiS  well  as  greatly  extended  in  its  limits,  by  Hum- 
boldt's experiments  on  the  excitability  of  the 
i^u^cles  and  nerves.  The  indefatigable  zeal  em-> 
ployed  by  that  writer,  tpgether  with  the  sagacity 
j^nd  «pirit  of  observation  of  which  he  has  given  so 
many  conspicuous  proofs,  in  a  multitude  of  re- 
searches on  physiology,  must  necessarily  have 
led  him  to  very  interesting  results.  The  infe^ 
rences,  however,  which  he  draws  from  his  expe- 
riments, as  wejl  as  the  explanation  he  gives  of 
Jhe  phenomena  he  has  observed,  are  not  inva-^ 
fiabjy  fixed  on  a  solid  basis." 

The  very  remarkable  efFeds  produced  by  che- 
lf^c^l  su|}stances .  on  the  sensible  and  irritable 

fibre, 
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fibre,  are,  it  would  appear,  susceptible  of  an  ex^ 
planation  different  from  the  one  adopted  by  M. 
Humboldt.  It  is  for  this  reason  that  Pfaff 
proposes  another,  which  he  thinks  more  just, 
and,  at  the  same  time,  more  coincident  with  the 
different  phenomena  of  galvanism.  The  follow- 
ing are  his  reasonings  on  this  head,  together  with 
the  experiments  on  which  they  are  founded. 

"  A  very  important  circumstance,"  he  observes, 
^'  to  which  Humboldt  did  not  pay  attention,  in 
his  experiments  relative  to  the  influence  of  che-* 
mical  substances,  as  exciters  of  irritability,  is  the 
cffedt  of  them  as  members  of  the  galvanic  chain. 
Among  these  substances  may  be  enumerated  the 
different  alkaline  substances,  acids  in  general,  the 
oxygenated  muriatic  acid  in  particular,  and  liver 
of  sulphur.  I  have  examined  them,  in  the  above 
point  of  view,  in  a  series  of  experiments,  and 
have  found  several  of  them  to  be  as  efficacious 
links  of  the  chain,  and  as  powerful  exciters  of 
galvanism,  as  metallic  substances  themselves^ 

*^  The  table  published  by  M.  Humboldt,  of 
the  intermediate  links  of  the  chain  of  his  boasted 
exciters  and  condu6tors  of  animal  ele(9:ricity, 
should  be  entirely  altered,  if  it  be  intended  to 
represent  the  scale  of  the  condu6ling  and  excit-* 
ir.g  forces  of  these  substances,  in  whatever  relates 
to  galvanism.  Liver  of  sulphur,  the  alkaline  so-» 
lutions,  lime-water,  and  the  oixygenated  muriatic 
*  pcid. 
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IKid,  ought  to  be  ranked  before  all  other  sub-, 
fitanccs,  iTictals  and  charcoal  excepted,  and  imine- 
diatcly  after  them.  The  blood  also  should  be 
Gonsidered  as  possessing  a  great  degree  of  energy, 
I  have  convinced  myself,  by  repeated  esperirncntg, 
watle  attenlively,  and  with  the  most  scrupulous 
exaditude,  that  alkaline  solutions,  lime-water, 
the  oxygenated  muriatic  acid,  and,  more  parti- 
cularly, liver  of  sulphur,  produce,  when  brought 
into  reciprocal  adtion,  eft'ecSs  equally  powerful 
with  those  of  two  heterogeneous  metals;  and 
that,  in  all  the  cases  in  which  the  recurrence  of 
the  contractions  is  ascribed  to  an  increase  of  irri- 
tability, produced  by  a  chemical  a£lion,  it  would 
be  much  better  to  ascribe  this  effedt  to  the  irri- 
tating property  of  these  substances,  as  they  con- 
stitute a  part  of  the  galvanic  chain. 

*'  They  form,  in  a  manner,  a  series  of  metal- 
lic exciting  arcs ;  and  ought  to  be  ranked  among 
those  which  have  the  greatest  affinity  with  metal- 
lic substances,  that  is,  with  zinc  and  lead.  It  ia 
on  this  account  that  their  efFeds  are  so  notice- 
able, when  they  are  combined  with  gold,  silver, 
and  metallic  minerals.  They  are  also  very  effi- 
cacious in  the  reprodmSlion  of  the  contraiSions, 
when,  instead  of  being  applied  in  an  immediate 
way  to  the  nerves,  they  are  simplv  made  to  cor- 
respond with  them  by  the  means  of  conduilors. 
^bf  blood  and  the  bile  ought  also  to  be  compre- 
hended 
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bended  in  the  same  class,  although  their  eSedt: 
may  not  be  equally  powerful. 

'^  It  is  well  known  that  it  suffices^  for  the  pro« 
du<5lion  of  convulsive  movements  in  a  very  irri* 
table  frog,  to  employ  a  homogeneous  metal,  for 
instance  a  silver  discharger^  by  which  a  commu* 
nication  is  formed  between  the  muscle  and  tho 
nerves.  ;These  convulsive  movements  are  prin- 
cipally produced  by  the  metals  deodniinated 
noble ;  but,  more*  especially,  by  metallic  minerals, 
sudi  as  pyrites  and  galena,  or  sulphuric  ore  of 
lead.  When  I  had  formed  a  communicatioa 
between  the  nerve  and  the  prepared  thigh  of  a 
frog,  by  the  means  of  a  bit  of  pyrites,  the  con- 
vulsions were  produced,  and  were  more  particu-! 
brly.  manifested  when  that  substance  touched 
the  blood-vessels  belonging  to  the  nerves.  When 
a  chain  was  established  in  the  thigh,  and  the 
mineral  substance  and  nerve  had  ceased  to  pro- 
duce any  eftbdl,  the  convulsions  were  re-produced, 
although  feebly,  by  interposing  in  the  chain  a  bit 
of  moistened  sponge,  which  formed,  in  a  manner, 
a  coating  to  the  nerves.  These  effects  were  not 
usually,  however,  of  (iny  long  duration.  By 
moistening,  afterwards,  the  nerve  with  a  drop  of 
blood  taken  from  the  frpg  subjedled-  to  the  ex- 
periment, or,  what  amounts  to  the  same  things 
from  ^ny  other,  and  afterwards  touching  the 
blood  in  qiiegtion  with  a  metallic  exciter  of  sil- 
ver 


Veir  or  feppper^  placed  on  the  thigh,  very  power«^ 
ful  convulsions  were  instantfy  produced. 
-  ^^  Here  the  susceptibility  of  irritation  wa&  evi-^ 
dently  augmented  by  the,  moistening  of  the  nerve 
with  the  blo()d.  It  wa;s  even  so  to  $ueh  a;degreey 
that  agalvariic  irritation  of  thefeeblestkind.became 
irery  powerfully  augmented,  This  augmentation  of 
the  contra&ions  was  not,  however,  to  be  ascribed 
to  an  immediate  influence  of  the  blood  on  the 
rierve,  and  on  the  irritability,  seeing  that  the  same 
phenomena  were  manifested,  precisely  in  the  same 
way,  when  the  blood,  instead  of  being  imme- 
iliately  applied  to  the  nerve,  was  simply  laid  on  a 
bit  of  sponge,  or  on  any  other  conducing  body, 
placed  over  it^  The  success  of  the  above  experi- 
ments depended  entirely  on  the  immediate  con- 
ta<5l  of  the  blood ;  since,  whenever  the  nerve,  ok 
the  sponge,  was  touched  at  thp  parts  distant  front 
it,  the  efFe^  did  not  ensue;^  To  the  presence  o( 
the  blood  ought  more  particularly  to  be  ascribed 
the  properties  of  animal  substances,  considered  04 
members  of  the  galvanic  chain,  ,  y 

"  In  this  latter  point  of  view,  the  heart  of  thf 
frog,  still  replete  with  blood,  displayed  very  sin* 
gular  efFe6ls,  at  a  time  when  the  irritability  was 
iextingui^hed  to  such  a  degree,  that  certain  hete- 
rogefieous  metals,  such  as  gold  and  silver,  or  sil- 
ver and  copper,  no  longer  produced  any  effedl 
when  brought  in  contadt..  I  was  enabled  to  re^ 
;  produce 
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produce  very  forcible  cdiftraAions,  by  placing  thit 
heart  of  a  frog  on  its  nef¥e,  and  by  forming  i 
eorrimunicatidn  between  it  and  the  thigh  of  the 
aninial^  by  the  means  of  a  metallic  nciting  m 
either  of  gold  or  silver.  In  this  manner  I  esta- 
blished a  galvanic  chain,  in  Che  compoaitidft  of 
which  one  metallic  exciter  only  was  to  be  fynni* 
In  another  ins^tance^  it  was  very  remarkable,  that 
the  moment  the  heart  was  touched,  «ltfa«r  by  sSver 
or  by  pyrites,  it  remained  tranquil,  notwitfastandi^ 
ing  the  thigh  of  the  animal  was  in  aconvulse^ 
state,  the  regularity  of  the  system  of  the'pulsa<^ 
tions  not  being  in  any  degree  interrupted'  Other 
parts  of  the  frog^  for  ilistafioe,  portion^  of  its 
liver,  its  bowels,  ice.  which  contain  a  less  pro^ 
portion  of  blood,  did  not  possess  an  «quaf  effi* 
cacy  ;  but  the  heart  itself  was  surpassed  by  the 
blood  presented  in  substance,  and  more  particu- 
larly in  a  concrete  state.  It  was  surprizing  ta 
see  the  mode  rn  which  I  could,  by  the  means  -of 
a  drpp  of  blood,  bestow  on  the  nerve  .its  vitd 
energy ;  and  also  to  observe  that  this  drop  of 
blood,  withont  undergoing  any  sensible  diminu- 
tion or  change,  still  continued  to  render  the  same 
service. 

**  Whatever  may  be  the  effect,  however,  which 
tlie  blood  produces,  it  is  still  surpassed  by  the 
alkjilis,  by  the  oxygenated  muriatic  acid,  and, 
more  particularly,  by  the  liver  erf"  sulphur,  when 

metallic 
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metallic  exdters  of  the  first  class,  that  is,  the 
minerals  and  noble  metals,   together  with  the 
other  metallic  substances,  and  the  regulus  of  an* 
timony,  cease  to  produce  any  efFedV,  in  conjunc- 
tion with  the  blood  with  which  the  nerve  has 
been  moistened.     After  having  wiped  it  dry,  and 
substituted  to  th6  blood  a  single  drop  of  the  de- 
liquescent oil  of  tartar.  Very  powerful  convulsive 
movements  may  be  produced,  by  a  recourse  t6 
the  above   metallic  exciting  substances.     This 
galvanic  chain,  consisting  of  muscles,  silver,  py- 
rites, or  regulus  of  antimony,  and  of  an  alkali 
and  a  nerve^  is  as  eiHcacious  as  a  chain  formed 
by  muscles,  silver,  iron,  or  tin,  conjointly  with  a 
nerve.    The  deliquescent  oil  of  tartar  may  be 
considered  as  an  adlive  coating  of  the  nerve* 
These  phenomena  present  themselves  agreeably 
to  the  same  identical  laws  by  which  the  metaU 
lie  coatings  of  the  nerves  are  regulated.     In  the 
above  process,  the  deliquescent  oil  of  tartar  pos-» 
sesses  nearly  the  same  a6livity,  whether  the  nerve^ 
without  being  moistened  in  an  immediate  way,  is 
made  to  communicate  with  the  musdes  by  the 
means  of  any  conducing  body  whatever,  or  is 
immediately  touched  by  the  metallic  exciter  ap- 
plied to  the  thigh  of  the  animal,  the  exciter  in 
question  being  a  bent  silver  probe. 

**  The  following  experiment  merits  a  particu-* 
lar  notice.    I  laid  a  portion  of  muscular  flesh  on 

the. 
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the  nerve  of  a  frog,  in  the  case  of  which  twd 
heterogeneous  metals,  silver  and  copper,  had 
ceased  to  produce  any  efFedl,  and  having  touched 
the  nerve  with  a  silver  probe  which  was  appKed 
to  the  thigh,  was  not  enabled  to  produce  any 
contractions.  I  now  poured  a  drop  of  the  deli-* 
quescent  oil  of  tartar  on  the  muscular  flesh,  and 
as  soon  as  the  silver  probe  was  brought  in  con-* 
ta6l  with  this  alkaline  substance,  very  strong 
convulsive  movements  were  displayed*  I  laid 
another  portion  of  muscular  flesh  on  the  pre-t 
ceding  one,  and  brought  the  exciter  towards  it, 
but  without  being  enabled  to  produce  the  con- 
traditions.  Scarcely,  however,  had  this  latter  por-» 
tion  of  muscle  been  moistened  and  touched,  as 
in  the  former  instance,  than  they  were  renewed* 
In  this  way  I  was  enabled  to  form  several  layeri 
of  a  different  nature ;.  and  the  eiFedl  aborve  pointed 
oat  took  place  as  often  as  the  silver,  or,  what  was 
still  better,  the  pyrites  and  the  regulus  of  anti- 
mony, came  in  immediate  eonta6l  with  the  alkali. 
The  nerve  having  been  moistened  with  the  deli- 
cjuescent  oil  of  tartar,  a  very  feeble  galvanic  irri- 
tation, produced  either  by  gold  and  silver,  or  by 
silver  and  copper,  became  highly  exalted,  even 
when  the  convulsions  had  not  been  previously 
excited.  It  remains,  however,  to  be  ascertained,, 
whether,  in  tbis  case,  the  deliquescent  oil  of  tar- 
tar did  not  act  as  the  most  efficacious  coating  of 

the 
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the  nerve.  It  is  in  this  way  that  silver  and  copper 
produce  fresh  contraction Sj  when,  after  the  nerve 
has  been  coated  with  zinCj  and  the  thigh  of  the 
animal  laid  on  silver,  a  communication  is  formed 
between  them  by  the  means  of  copper.  In  such 
a  casCj  indeedj  the  efFedl  is  not  owing  to  the 
joint  operation  of  the  copper  and  silver^  but,  on 
the  other  hand,  to  that  of  the  silver  and  zinc> 
by  which  the  humid  animal  parts  are  immedi-. 
ately  boated.  Would  not  an  efFe<3:  exadlly  simi- 
lar be  produced,  if  the  nerve  were  to  be  moistened 
with  the  deliquescent  oil  of  tartar  ?  Does  not. 
this  alkali,  in  surrounding  the  nerve,  become  a 
more  efficacious  coating  than  the  zinc  ;  and,  on 
the  application  of  feeble  exciters,  such  as  coppeif 
and  silver,  does  not  the  zinc  itself  a6l  more  pow-^ 
erfully  by  the  means  of  the  alkali,  with  which  it 
is  simply  connected  by  the  copper,  as  an  inter- 
mediate conductor  ? 

**  These  doubts  are  very  far  from  beiiig^  re- 
moved by  M.  Humboldt's  experiments.  Sup- 
posing the  deliquescent  oil  of  tartar  to  adl  by 
producing  an  augmentation  of  irritability,  this 
effedl  ought  also  to  be  produced  wheti  the  nerve 
lias  been  carefully  dried,  before  the  application  of 

-a  weaker  galvanic  irritation  is  made.    This,  how- 
ever, is  what  I  have  not  found  in  any  of  my  expe- 

"  riments.     M.  Humboldt  constantly  applied  his 

weakest  exciters,   while   the   nerves    were   still 

Vol.  I.  z  moistened 
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moistened  with  the  deliquescent  a3  of  tartar,  or 
with  any  other  oh^nical  substance  calculated  to 
augment  the  susceptibility  of  irritation.  On  this 
bead>  let  the  diflereat  parts  of  his  work  in  which 
he  treats  of  the  increase  of  this  sttsceptibiiity  by 
the  alkalis,  be  compared*  He  sets,  out  by  say*> 
ifig :  I  shewed  the  galvanic  Jla^ie^  to  several  per-^ , 
sans  who  could  not  perceive  them  in  the  easperi*^ 
meni  made  by  Mr.  G.  Hunter,  by  nibbh^  their 
gums,  on  the  upper  jaw,  uiith  em  alkaline  solution. 
Two  pieces  of  gold,  applied  to  wounds  ^9^  t/ie  back, 
toere  found  to  possess  great  efficacy ,  when  the 
abounds  had  been  touc/ted  with  the  deliquescent  eU 
of  tartar.  A  little  further  he  observes :  ^PJbi 
the  principal  trimis  of  the  nerves  of  an  organ  of 
movement  are  carefully  prepared,  and  enveloped 
m  moist  hits  of  bladder^  in  such  a  way  as  that  the 
irritating  htmidity  simply  moistens  the  muscular 
flesh,  arid  the  feiv  fine  nervous  filaments  it  contains, 
an  increase  of  irritability  is  rarely  observed ;  at 
the  same  time  that  it  is  constantly  produced,  when 
(he  above  principle  trunks  are  moistened  beneath 
the  muscles.  Again,  he  says  in  the  following 
page  :  Tlie  vital  principle  will  he  restored  in  tfie 
thiglis  of  frogs  exhausted  by  galvanic  experiments, 
by  tJie  means  of  the  oxygenated  muriatic  acid,  in 
such  a  2vay  as  that  the  irritation  of  metals  will 
again  produce  its  effeSl.     It  is  remarkable,  that 

the   contractions   become  more  powerful,  when  a 

*      -        ■  •  * 
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great  portion  of  the  nerves  is  moistened,  and 
touched  in  a  direSl  luay  hy  the  silver.  Such  are 
the  extracts  I  have  chosen  to  cite  from  Hum* 
bolbt's  work.  Now,  let  it  be  observed  that,  in 
all  the  above  cases,  and  more  particularly  in  the 
experiments  relative  to  the  influence  of  chemical 
jiubstances  on  the  irritability  of  the  animal  fibre, 
the  nerves  were  constantly  moistened  by  thesd 
substances.  They  must  consequently,  whenever 
the  metals  were  applied,  operate  likewise  as  links, 
or  numbers,  of  the  galvanic  chain.  The  con- 
sequences must  therefore  be  uncertain  at  the 
least. 

^*  I  could  not  observe  any  remarkable  diffe-^ 
rence  in  the  alkalis,  considered  as  links  of  the 
galvanic  chain.  The  deliquescent  oil  of  tartar 
appeared,  however,  to  be  somewhat  more  effi* 
cacious  than  the  other  substances  of  this  nature* 
The  efFeAs  of  lime-water  were  not  so  powerful  : 
it  appeared,  as  it  were,  to  preserve  a  medium  be- 
tween the  alkalis  and  the  substances  to  which  an 
inferior  degree  is  assigned.  The  ox)^genated  mu- 
riatic acid  appeared  to  me  to  be  pretty  nearly  a^ 
a<^ve  as  the  deliquescent  oil  of  tartar.  In  a  few 
cases  only  the  latter  fluid  produced  spasmodic 
contradlions  of  a  longer  duration.  I  observed 
likewise,  in  several  instances  in  which  I  employed 
the  oxygenated  muriatic  acid,  a  phenomenon 
which  the  metallic  coatings  of  the  nervea  had 

z  2  pftea 
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often  displayed,  namely,  that  the  contra6tion9 
were  nianifested  at  no  other  time  than  when  the 
contadl  of  the  nerve,  moistened  with  a  drop  of 
the  oxygenated  muriatic  acid,  ceased.  Here, 
likewise,  the  efFedls  seem  to  depend  entirely  on 
the  immediate  presence  and  application  of  the 
oxygenated  muriatic  acid.  As  soon  as  a  drop  of 
this  liquid  is  poured  on  a  portion  of  muscular 
flesh,  laid  on  the  nerve,  the  movements  are  in- 
variably reproduced." 

Having  entered  into  this  detail  of  the  objec- 
tions of  M.  Pfafp  to  the  theory  of  Humboldt, 
we  shall  proceed  to  the  analysis  of  a  very  curious 
memoir,  read  by  M.  Lehot  at  the  French  Na- 
tional  Institute.     Its  object  is  to  demonstrate 
particularly,   not  only  the  circulation  of  a  very 
subtile  fluid  in  the  galvanic  chain,  but  likewise 
that,  in  the  application  of  the  different  chains  to 
the  animal  arcs,  there  are  unequivocal  signs  of 
the  diredlion  of  the  motion  of  that  fluid,  inso- 
much that  it  is  possible  to  determine  a  priori^  in 
a  considerable  number  of  different  chains,  the 
direction  of  the  current.     Being  acquainted  with 
this  diredlion,  as  well  as  with  the  nature  of  the 
different  parts  of  the  chain,  the  author  of  the 
memoir  in  question  observes,   that  it  is  recipro- 
cally possible,  in  certain  cases  at  least,  to  deter- 
mine their  respective  position ;  ai^d  also,  by  the 
interposition  of  new  substances  in  the  chain,  or 

bjr 
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by  a  change  in  the  disposition  of  the  parts  of 
which  it  is  composed,  to  give  a  particular  direc- 
tion to  the  galvanic  fluid,  and  even  to  bring  it 
into  a  state  of  repose. 

The  comprehension  of  these  phenomena  is 
connected  with  a  fa<ft  which  seems  to  have 
escaped  the  notice  of  the  different  physiologists, 
namely,  that  the  galvanic  fluid  is  accumulated  in 
the  passage  from  the  organs  to  the  coatings. 
By  a  due  attention  to  this  fadl,  the  nature  of 
the  metallic  substances  may  likewise  be  distin- 
guished at  the  distance  of  several  yards.  The 
galvanic  influence  will  be  suflScient  to  deter- 
mine this.  The  following  are  the  principal  re- 
sults of  the  interesting  experiments  made  by 
M.  Lehot. 

Experiment  I.  If  the  thigh  of  a  frog  recently 
prepared  be  held  in  one  of  the  hands,  and  the 
nerve  be  brought  in  contadl  with  a  piece  of  zinc, 
the  extremity  of  which  is  immersed  in  mercury, 
the  moment  the  fingers  of  the  other  hand  are 
dipped  in  that  fluid,  powerful  contradlions  will  be 
manifested  in  the  thigh  of  the  animal.  The 
same  result  will  be  obtained  as  often  as  one  of 
the  following  substances,  namely^  zinc,  lead,  tin, 
mercury,  bismuth,  copper,  silver,  or  plumbago, 
be  employed  as  a  coating  to  the  fingers ;  and  one 
of  those  by  which  it  is  preceded  in  the  foregoing 

z  3  series 
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tteriet,  as  a  coating  to  the  nerve.  With  respe^ 
to  the  precaution  of  moiatening  the  fingers,  it  is 
absolutely  indispensablej  for  which  raasooj  when* 
ever  they  are  described  as  terminating  ooe  of  tbi 
e:itremities  of  the  arc,  they  are  to  be  constantly 
supposed  to  be  in  a  humid  state, 
.  Experimeru  IL  If,  on  the  othm*  bands  tin 
nerve  be  brought  in  conta^Si  with  the  mercuiy, 
and  if  that  metal  be  touched  with  a  piece  of  jEiqc^ 
held  in  the  moistened  hand^  either  the  contract 
tions  will  not  be  produced,  or  they  will  be  ei(« 
tremely  feeble,  provided  there  still  be  g  certain 
share  of  susceptibility  in  the  part.  By  separ^tinft 
however,  the  nerve  from  thie  mercury^  or,  iq 
general,  by  breaking  the  chain  at  any  giyeu  pcHOt 
whatever,  the  contraftile  movements  will  take 
place.  The  same  results  will  be  obtained,  as 
often  as  one  of  the  metals  belonging  to  the  se^ 
rifes  pointed  out  in  the  preceding  experiment,  b^ 
employed  as  a  coating  to  the  fingers ;  and  one  of 
those  by  which  it  is  followed  in  that  series,  as  ^ 
coating  to  the  nerve.  Thus,  if  the  nerve  bfi 
coated  with  lead,  and  the  fingers  with  zinc,  there 
will  not  be  any  contra6lion  when  these  two  mcr 
tals  are  brought  in  conta6l ;  but  if  the  chain  be 
destroyed  at  any  given  point,  the  contraiSUons 
will  be  manifested.  But  if,  on  the  other  hand* 
l^e  nerve  being  still  coated  with  lead,  the  £nger« 
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be  coated  with  silver,  when  the  chain  is  formed, 
the  galvanic  contradions  will  take  place*. 

Experiment  III.  If  a  flat  surface  of  zinc  be 
laid  on  the  tongue,  and  touched  with  a  piece  of 
silver,  held  between  the  moistened  fingers,  a  par* 
ticular  savour  will  be  instantly  perceived.  Much 
has  been  said  on  the  subjedlof  thisphenomenoDL 
but  it  has  been  no  where  noticed,  that  it  likewise 
takes  place  whenever  the  tongue  is  coated  with 
any  one  of  the  metallic  sdbstances  pointed  out  ia 
experiment  the  first,  and  the  fingers  with  one  of 
those  by  which  it  is  followed  in  the  series.  If^ 
however,  after  the  chain  has  been  formed,  it  be 
interrupted,  the  savour  will  be  no  longer  mani*^ 
fest. 

Experiment  IV.  If  a  piece  of  silver  be  laid 
on  the  tongue,  and  a  portion  of  zinc  be  held 
between  the  moistened,  fingers  as  soon  as  the 
latter  is  brought  in  conta(^  with  the  silver,  therQ 


♦  These  experiments,  which  succeed  perfectly  well  witSi 
^be  mercury,  without  any  particular  precautions^  require  great 
circumspection  in  obtaining  determinate  resuks  with  the  other 
metallic  substances.  It  is  not  only  necessar}'  that  the  suscep* 
tibility  should  be  weakened  in  a  very  great  degree,  and,  that 
there  should  not  be  any  communication  between  the  coating  of 
the  nerve  and  the  muscle,  unless  by  the  nerve  itself  5  but  it  i$ 
Hkcwise  essential  tcTprevent  the  kind  of  oscillatory  movement 
which  communicates  itself  to  the  parts  of  |;he  chain,  by  the 
band  by  which  the  coiita6t  is  established, 

z4  will 
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will  not  be  any  distinguishable  sensation,  or,  a^ 
the  least,  it  will  be  very  slight.  As  often,  howr 
ever,  as  the  chain  is  interrupted  in  any  given 
point  whatever,  the  savour  will  be  perceptible. 
It  will  not  in  this  case  be  so  strong  as  in  the  pre- 
ceding experiment^  and  will  be  more  slowly  com- 
inunicated. 

The  same  result  will  be  obtained,  as  often  a< 
one  of  the  metals  ppinted  out  in  the  first  experi- 
ment is  employed  as  a  coating  to  the  tongue, 
and  one  of  those  by  which  it  is  preceded  in  tte 
list,  as  a  coating  to  the  fingers.  Thus,  bj 
coating  the  tongue  with  lead,  and  the  fingers 
with  zinc,  and  by  bringing  the  two  metals  in 
contadl,  the  savour  will  not  ensue ;  but,  by  in-» 
terrupting  the  chain  at  any  given  point,  it  will 
be  very  perceptible.  On  the  contrary,  if,  the 
tongue,  being  still  coated  with  the  lead,  the  fin- 
gers be  coated  with  silver,  instead  of  zinc,  and 
the  chain  established,  the  sensation  will  be  in-? 
ptantly  perceived. 

Experimmt  V.  If  the  thigh  of  a  frog  be  lai4 
pn  a  plate  of  silver,  and  the  nerve  on  a  surface 
pf  zinc  or  lead,  the  moment  the  coatings  are 
]3rought  in  contadV,  powerful  contradlions  will  be 
produced.  The  same  thing  will  happen  when- 
j5ver  the  coating  of  the  nerve  is  made  to  consist 
pf  a  metal  sele61ed  from  among  those  which  are 
pointed  out  in  experiment  the  first ;  and  that  of 

the 
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the  muscle,  of  another  metal  following  it  in  the 
series. 

Experiment  VI.  If  the  muscle  be  armed  with 
zincy  and  the  nerve  with  silver,  the  contradlions 
will  not  ensue  until  the  moment  the  chain  is  in- 
terrupted.  To  the  end,  however,  that  the  re- 
sult of  thi3  experiment  may  be  decisive,  the  pre^ 
cautions  pointed  out  in  the  note  to  the  second 
experiment,  ought  to  be  stridlly  adhered  to. 
When  portions  of  copper,  iron,  bismuth,  and 
lead,  are  substituted  to  the  silver,  the  same  re- 
sults are  obtained. 

In  the  first,  third,  and  fifth  of  the  preceding 
experiments,  it  must  have  been  observed,  that 
the  phenomena  were  manifested  the  moment  the 
galvanic  circle  was  formed.  The  fluid  contained 
in  the  parts  of  the  chain  was  put  in  motion,  and 
penetrated  instantly  either  to  the  tongue  or  to 
the  nerve.  By  reversing  the  chain,  a  contrary 
direction  must  have  been  given  to  the  currient, 
seeing  that  the  phenomena  which  were  mani- 
fested in  the  second,  fourth,  and  sixth  ex  peri- 
nients,  that  is,  those  in  which  the  galvanic  in- 
fluence was  not  perceptible  until  the  instant 
when  the  chain  was  interrupted,  were  to  be 
ascribed  to  a  portion  of  the  fluid,  accumu- 
lated either  in  the  tongue  or  in  the  nerves, 
0t  the  points  qf  coxitadl  of  these  organs 
fvith  their    coatings.    I!^qw,   to  the  end  that 

the 
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the  fluid  should  have  been  thus  accumulated,  it 
was  necessary  that  it  should  have  penetrated  the 
above  organs  in  the  dire<ftion  of  the  muscle  to- 
wards the  nerves,  or  of  the  fingers  towards  the 
tongue.  It  is  tlius  demonstrated,  that  the  acca* 
mulation  of  the  fluid  is  a  sure  characSleristic  of 
the  diredlion  of  the  current,  by  the  help  of  wlucb 
it  may  in  all  cases  be  determined. 

In  conformity  to  the  experiments  which  have 
been  detailed  above,  and  to  the  galvanic  h&B 
already  known  and  established,  it  would  ap- 
pear that  the  following  principles  may  be  laid 
down. 

1  st.  That  all  exciting  substances  contain  the 
galvanic  fluid  ;  but  that  its  quantity  is  very  io« 
considerable  in  humid  substances,  and  in  the  or- 
gans of  animals,  which  have  a  very  small  capa- 
city for  that  fluid,  when  compared  with  metallic 
substances. 

2dly,  That,  when  two  exciting  substances  are 
brought  together,  a  new  distribution  of  the  gal- 
vanic fluid  takes  j)]ace ;  the  substance  w^hich  has 
the  least  capacity  losing  a  portion  of  the  fluid, 
on  which  the  other  substance  seizes.  Metallic 
and  carbonated  substances,  disposed  iu  the  fol- 
lowing order — zmc,  lead,  tin^  mercury,  bismuth, 
copper,  silver,  and  plumbago,  a6l  in  such  a  man- 
ner as  that  any  one  of  them,  when  brought  in 
contaA  with  one  of  those  by  which  it  is  follow- 
ed^ 
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ed,  seizes  on  a  portion  of  the  fluid  the  latter 
contains. 

,  3dly,  When  the  galvanic  fluid  penetrates  the 
tongue,  in  diredling  itself  from  its  extremity  to- 
wards its  root,  it  causes  in  the  latter  part  a  par- 
•  ticular  savour,  which  is  more  or  less  strong,  ac- 
cording to  the  greater  or  less  quantity  of  the 
fluid,  and  to  the  susceptibility  of  the  organ.  But 
when  its  direiSlion  is  such,  that  it  tends  to  flow 
out  of  the  animal  arc  by  the  tongue,  it  occasions 
a  much  weaker  savour,  which  differs  from  the 
former  in  proportion  as  the  quantity  of  the  fluid, 
put  in  motion,  is  less.  As  the  fluid,  however, 
finds  some  difficulty  in  quitting  the  tongue,  it 
partly  accumulates  in  that  organ ;  and  when  the 
ipause  which  has  given  rise  to  this  accumulation 
icea^es,  then  the  fluid,  in  returning  towards  the 
root  of  the  tongue,  occasions  there  the  galvanic 
savour  in  question. 

4thly,  When  the  galvanic  fluid,  distributed 
by  the  nerves,  penetrates  into  the  muscular  sub- 
stance of  the  organs  of  living  animals,  recently 
separated  from  the  animals  themselves,  contrac- 
tions are  produced  in  the  parts  it  permeates.  The 
susceptibility  being  exalted,  if  tjie  fluid  inherent 
in  the  organ,  should,  from  any  cause  whatever, 
be  unequally  distributed,  and  accumulated  at  the 
particular  points,  muscular  movements  will  en- 
jiae.     But  if  the  susceptibility  is  weakened,  the 

contrac- 
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contra(?Hons  can  no  longer  take  place^   unless 
by  the  aid  of  a  fluid  extraneous  to  the  organ. 

At  the  earliest  stage  of  the  diminution  of  the 
susceptibility  of  the  organs,  the  contra<ftion8  are 
displayed,  whatever  may  be  the  diredtion  of  the 
fluid  by  which  they  are  permeated.  But  when 
the  susceptibility  is  weakened  still  more,  the 
diredlion  of  the  current  ceases  to  be  indifierent 
When  the  fluid  is  diredled  in  such  a  way  as  to 
pass  from  the  nervous  ramifications  to  the  nerves 
themselves,  the  contradlile  movements  are  much 
weaker  than  when  it  receives  a  contrary  direc- 
tion ; .  and  in  the  former  case  a  portion  of  the 
fluid  becomes  accumulated  at  the  point  where 
it  has  a  tendency  to  flow  out  from  the  nerve. 
This  accumulation,  and  this  difference  in  the 
effedl  of  tlie  current,  by  which  the  orj^an  is 
penetrated  in  one  diredlion  or  in  another,  are 
greater  in  proportion  as  the  susceptibility  is  less, 
and  as  the  quantity  of  the  fluid,  put  in  motion, 
is  smaller.  Thus,  when  the  susceptibility  is 
greatly  enfeebled,  notwithstanding  the  contrac- 
tions may  ensue,  when  the  fluid  penetrates  intp 
the  organs,  in  the  diredlion  leading  from  the  nerve 
to  the  muscle,  they  cease  altogether  when  it  per- 
meates them  in  a  contrary  diredlion,  it  being  then 
almost  completely  accumulated  in  the  organ. 
The  cause  which  has  given  rise  to  this  accumu- 
lation having  ceased,  the  fluid  returns  into  its 

accus- 
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jaccustomed  channel,  and,  having  penetrated  the 
organs  in  the  niost  favourable  diredlion,  occa- 
sions in  them  the  muscular  movements. 
'  5thly,  If  a  communication  be  established  be- 
tween two  points  of  an  animal  organ,  with  the 
jhelp  of  a  chain  composed  of  different  substances, 
disposed  in  such  a  way  as  that  it  may  not  be 
symmetrical,  relatively  to  the  nature  of  the  parts 
of  which  it  is  composed,  the  fluid  being  unequally 
solicited  on  the  one  hand  and  on  the  other,  puts 
itself  in  motion,  and  forms  a  current  dire6ted  to- 
wards the  preponderating  force. . 

6thly,  If  all  the  parts  of  the  chain,  by  which 
a  communication  is  established  between  t\yo 
points  of  a  system  of  organs  either  nervous  or 
muscular,  be  reversed,  a  current  will  be  pro- 
duced having  a  contrary  direction  to  the  former. 

7thly^  When  the  chain  is  symmetrical,  rela- 
tively to  the  nature  of  the  parts  of  which  it  is 
composed,  the  fluid,  being  equally  solicited  on 
all  sides,  will  forbear  to  display  any  movement. 

8thly  and  lastly.  When  a  chain  which  is  cal- 
culated by  its  nature  to  give  motion  to  the  gal- 
vanic fluid,  is  destroyed,  that  is,  when  an  in- 
sulating body  is  interposed,  the  fluid  which  had 
been  accumulated  in  the  organ  by  the  formation 
of  the  chain,  returns  to  its  pristine  situation, 
and  a  current  is  formed  in  a  contrary  direction  to 
the  first. 

These 
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These  principles,  which  form  the  basis  of  the 
theory  of  galvanism,  are  likewise  confirmed  by 
the  following  experiments : 

Experiment  VII.     If  a  thigh  of  a  frog  be  held 
in  one  of  the  hands,  and  the  nerve  coated  with 
zinc,  at  the  same  time  that  the  person  who  maktt 
the  experiment  has  his  tongue  armed  with  silver, 
the  thigh  of  the  frog  will  contract  as  soon  as 
the  two  metals  are  brought  in  contac?^: ;  but  the 
experimenter  will  not  be  sensible  of  any  savour, 
or  of  a  very  slight  one  at  the  most.     By  inter- 
rupting, however,  the  chain,  he  will  perceive  $ 
very  distindl  savour,  and  the  thigh   of  the  frog 
will  cease  to  contra6l.   If,  on  the  other  hand,  \\t 
coats  his  tongue  with  zinc,  and  the  nerve  with 
silver,  the  savour  will  be  manifested  at  the  mo- 
ment of  the  contadl ;  and  the  thigh,  provided 
its  incitability  has  been  weakened,  will   preserve 
a  state  of  perfc6l  immobility. 

By  the  interruption  of  the  chain,  the  mus- 
cular movements  will  be  again  apparent,  without 
any  manifestation  of  the  savour.  It  will  appear 
that  this  ought  necessarily  to  happen,  when  it  is 
considered  that,  as  soon  as  the  chain  is  formed, 
the  current  of  the  fluid  takes  a  diredlion  from 
the  silver  to  the  zinc,  and  having  penetrated  in 
a  diredl  and  Immediate  way  into  the  nerve,  pro- 
duces contradlions  in  the  ipuscle,  at  the  same 
tiipe  that  it  crosses  the  body  of  the  person  by 

whom 
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whom  the  experiment  is  made,  and  accumulates 
on  his  tongue,  without  his  being  sensible  of  any 
particular  savour.  When,  however,  the  chain 
is  interrupted,  the  accumulated  fluid  returns  to 
the  parts  it  had  quitted,  and  the  savour  on  the 
tongue  becomes  manifest.  If  the  tongue  be 
coated  with  zinc,  and  the  nerve  with  silver,  the 
current  being  impelled  in  a  contrary  direction, 
the  phenomena  which  take  place  are  diametrically 
<q>posite. 

Experiment  VIII.  If  two  persons,  holding 
each  other  by  the  hand,  arm  the  tongue,  one  of 
them  with  zincy  and  the  other  with  silver,  as 
soon  as  they  bring  the  two  metallic  substances 
in  conta6l,  the  one  who  has  the  tongue  coated 
with  zinc  is  sensible  of  the  savour ;  but  this  does 
not  happen  to  the  other.  If  they  afterwards 
separate  the  zinc  from  the  silver,  the  one  who 
felt  the  savour  at  the  time  when  the  chain  was 
formed,  will  cease  to  be  sensible  of  it  on  its  be- 
ing thus  interrupted ;  at  the  s^me  time  that  it 
will  be  rendered  manifest  on  the  tongue  of  the 
other. 

Experiment  IX.  Finally,  the  animal  arc  may 
be  terminated  by  two  nerves.  Thus,  by  placing 
the  two  thighs  of  a  frog  on  a  plate  of  glass^  and 
establishing  a  commvmication  between  their  mus- 
cles, by  the  help  of  a  flat  piece  of  metal,  coating 
at  the  same  time  the  nerve  of  one  of  them  with 
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sine,  and  the  other  with  silver,  the  thigh  which 
is  armed  with  zinc,  will  contradl  the  moment  a 
communication  is  established  between  the  two 
coatings,  by  the  means  of  a  rod  of  zinc  or  silver; 
the  incitability  of  the  other  thigh  having  been 
weakened,  the  limb  will  remain  motionless.  By 
interrupting  the  chain,  however,  the  muscular 
movements  will  be  displayed  in  the  latter,  and 
the  former  will  resume  a  state  of  repose. 

Experiment  X.     The  same  disposition  being 
made  as  in  the  second  experiment,  and  the  chain 
established,   if  a  given  point  of  the  musde  be 
brought  in  contadl  with  the  mercury,  without 
deranging  the  contact  of  the  nerve  ;  or  if  a  com- 
munication be  established  between  the  muscle 
and  the  mercury,  or  between  the  musele  and  the 
zinc,  by  tlie  means  of  a  metallic  substance,  the 
muscular  movements  will  be  instantly  manifested* 
Tliese  phenomena  are  occasioned  by  the  fluid 
accumulated  at  the  point  of  contadl  between  the 
nerve  and  its  coating,  which  fluid  returns  into 
the  muscle,  and  there  gives  rise  to  the  contra<5Hons. 
This  is    proved    in   the  following    manner:  If, 
while  the  communicating  metallic  substance  still 
touches  the  muscle  and  the  mercury,  or  the  mus- 
cle   and  the  zinc,  the  latter  be  detached  from 
the  mercury,    the  contra6tions   will  not  ensue, 
as  would  have  happened  if  the  fluid  accumulated 
by   the   original  chain,    at   the   point  of   con- 
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ta€t  of  the  nerve  and  its  coatings  hdd  remained 
there. 

Experiment  XL  If  the  thigh  of  a  frog,  pre- 
pared in  the  customary  manner,  be  held  in  one 
of  the  hands,  and  the  nerves,  as  well  is  a  fe\sr 
points  of  the  muscle,  be  brought  in  contatft  with 
the  mercury,  the  moment  that  fluid  is  touched  by 
e  bar  of  zinc,  held  in  the  other  hand,  previously 
moistened,  violent  contra6lions  will  be  produced 
in  the  limb  of  the  animal.  This  experiment 
consequently  presents  phenomena  entirely  differ 

j«nt  from  those  which  were  the  result  of  tte^ 
second  experiment.  The  fluid,  instead  of  hiding 
been  accumulated  in  the  nerve,  appears  to  have 
flowed  out  by  the  muscle,  and  to  have  there 
occasioned  the  contradlions.  Such  a  degree  of 
incitability  may  be  induced,  that  the  contractions 
may  be  altogether  subdued  by  the  double  Coh- 
taA  of  the  nerve  and  the  muscle,  as  wdl  in  form-- 
ing  as  in  interrupting  the  chain. 

Experiment  XII.  If,  the  same  disposition  hav- 
ing been  made  as  in  the  sixth  experiment,  not 
only  the  nerve,  but  likewise  the  muscle,  be  m^de 
to  touch  the  piece  of  silver,  leaving  it,  however, 

.  in  constant  contadl  with  the  zitic,  violefit  con- 

.  tradlions  will  be  manifested  as  soon  as  a  com- 
munication is  established  between  the  zinc  and 
silver,. by  the  means  of  a  conduifting  substance. 

.  B)r  sabstituting  to  the  silver^  either  copper^  plum- 
TcOi.  1.  A  a  ^ago. 
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bago,  or  lead,  the  same  phenomena  wHl  be  oB* 

tained. 

The  current  which  is  formed  in  a  chain  com- 
posed of  three  metallic  substances,  is  constanttj 
dirciSed  towards  the  Extreme  metal  stationed  in 
front  of  the  metal  at  the  other  extremity  of  the 
chain.  The  direction  of  the  current  cannot  there- 
fore depend,  in  any  degree,  on  the  nietal  by 
which  the  middle  space  is  occupied. 

In  a  chain  composed  of  metallic  and  humid 
substances,  where  there  are  only  two  or  three 
heterogeneous  metals  in  immediate  contadl,  the 
^current  is  diredled  in  the  same  way  as  it  would 
be,  if  these  metals  were  to  be  regarded  as  inde- 
pendent of  the  rest  of  the  chain. 

EfFedl  of  a  chain  composed  of  three  sub- 
stances of  the  first  class,  and  one  of  the  second 
class,  followed  by  considerations  on  homogeneous 
metallic  coatings.  Having  placed  a  thin  plate  of 
zinc  at  the  bottom  of  a  vessel  filled  with  water, 
and  brought  the  tongue  in  contadt  with  the  ex- 
tremity of  a  bar  of  tin,  the  other  extremity  of 
which  is  made  to  touch  the  plate  of  zinc;  if 
another  bar  of  the  same  metal,  of  the  same  di- 
mension with  the  preceding  one,  be  held  in  one 
of  the  hands,  and  its  extremity  plunged  in  the 
water,  there  will  not  be  any  perceptible  savour. 
In  reality,  the  current  is,  in  this  instance,  di- 
re6ted-in  such  a  way  as  to  pass  through  the 

fingerSj 
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fingers,  crossing  the  body  of  the  person  by  whom 
the  experiment  is  made,  to  accumulate  itself  on 
the  tongue.  But  as  soon  as  the  second  bar  of 
tin  is  plunged  more  deeply  in  the  water,  so  as  to- 
touch  the  zinc,  the  savour  becomes  perceptible  *; 
This  phenomenon,  which  had  not  hitherto  been 
noticed,  is,  according  to  M.  Lehot^  a  natural  re- 
sult of  the  principles  he  has  laid  down.  By 
bringing,  he  observes,  the  second  bar  of  tin  in 
contact  with  the  zinc,  a  symmetrical  chain  is 
formed,  of  such  a  nature^  that  the  fluid  it  con- 
tains must  necessarily  be  in  equilibrio.  Cbnse-' 
quently,  the  quantity  of  the  fluid  which  had  been 
accumulated  in  the  preceding  disposition,  must 
unavoidably  have  been  dispersed,  and  have  occa- 
sioned the  sensation  or  savour  which  was  noticed. 
On  detaching  the  bar  of  tin  from  the  plate  of 
zinc,  without  taking  it  out  of  the  water,  the  sen- 
sation ceases  to  be  perceptible,  on  this  account, 
that  a  current  is  formed  which  is  dire6led  in  such 
-k  way  as  to  penetrate  the  fingers.  If  the  bar  of 
tin  be  withdrawn  fi^om  the  water,  the  savour  will 


*  If,  instead  of  bringing  the  second  bar  of  the  tin  in  con- 
ta£t  with  the  zinc,  a  communication  be  established  between 
each  of  the  bars  of  that  metal,  by  the  means  of  a  communicat- 
ing  metallic  substance,  the  savour  will  be  manifested,  in  conse- 
quence of  the  formation  of  a  symmetxical  chain,  by  which  the 
.  cquiUbnuai  is  re-csUliliftbed. 

A  a  2  be 
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be  percepttbie,  in  consequence  of  the  dispersion 
of  the  atxnitnulated  fluid. 

Thus,  to  render  a  chain  symmetrical,  or  to 
dcfstfoy  it  by  the  interposition  of  an  insulating 
stxbstance,  will  have  the  same  effect  relatively  to 
the  motion  of  the  galvanic  fluid.  By  the  explana- 
tion which  has  just  been  given,  it  seems  evident, 
that  if,  instead  of  rendering  stationary  the  bar 
which  touches  the  tongue^  and  moveable,  the  one 
which  is  held  in  the  hand,  the  operation  be  per- 
formed inversely,  the  savour  will  be  fdt  in  con- 
trary circumstances ;  seeing  that  the  current 
will,  in  every  such  case,  take  an  opposite  direc- 
tion. 

When  the  extremity  of  the  moveable  bar  is 
plunged  in  water,  the  one  which  is  held  in  the 
moistened  hand  being  fixed,  and  in  contadl  with 
the  plate  of  zinc  at  the  bottom  of  the  v^essel,  the 
sensation  is  perceptible  on  the  tongue.  But  if 
the  former  be  plunged  still  deeper,  so  as  to  be 
brought  to  touch  the  ^inc,  the  savour  will  ht 
no  longer  manifested.  On  detaching  it  from  the 
plate  of  zinc,  without,  however,  withdrawing  it 
from  the  water,  the  sensation  is  again  produced ; 
but  ceases  as  soon  as  the  bar  is  taken  out  of  the 
water. 

If  the  extremity  of  each  of  the  two  bars  of  tin 
be  laid  on  a  particular  point  of  the  tongue,  the 
savour  will  be  felt  at  the  extremity  of  the  move- 
able 
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able  bar,  the  moment  its  oth^r  exfcremitjr  x$ 
fdunged  in  the  water^  that  of  the  fiawd;  bar  being 
in  contaft  with  the  plate  of  zmc.  Secondjy,  bj 
plunging  the  moveable  bar  still  more  de?epty  in 
the  water,  and  bringing  it  in  contadl  with  tlW 
plate  of  zinc,  the  savonr  will  be  felt* at  tW  pcjint 
of  the  tongue  where  it  is  touched  by  the  other 
bar.  Thirdly,  tlie  instant  either  of  th^  bars  19 
separated  from  the  plate  of  zinc^  without  being;^ 
kowever,  taken  oat  of  the  water,,  the  gal  van  iq 
savouut  \f'xA  be  distinguishable  at  its  poitit.  La^ttyi 
the  one  which  was  stationary  in  the  first  instane^y 
still  continuing  so,  if  the  moveable  one  be  taken 
G^i  of  the  water,  the  savour  wiJi  be  fell  at  tha 
eiitremity  of  the  former. 

From  the  principles  which  have  jurt  been  la^4 
downy  it  is  not  difficah  to  concliode  that,  if  a  me** 
Ifll  taken  from  the  given  seiries.  be  emploped  as  s| 
bar,  aiid  one  of  those  by  which  it  is  followed  iu 
that  seri^,  as  a  communicator  phinged  ka  watei^^ 
the  pbeoomeissa.  which  take  placein  the  pvecedHrg 
experiments  witt  be  entirely  changed:.  Conaie- 
quen^ty,  the  casesi  in  which^  in  the  first  and  se- 
eodd  of  the  above  experiaients^  the>  sensaition  ^^3^ 
man^sted^  are  precisely  those  in  which  thero^ 
should  not  be  any  sensation^  under  the  circum- 
stances abovie  stated  ;  and  vice  versa.  It  also 
follows  that,  in  the  third  experiment,  the  cases  iu 
which  the  savour  was  perceptible  at  the  extremity 

Aa3  of 
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of  the  moveable  bar,  are  those  in  which,  under 
these  circumstances,  it  should  be  felt  at  the  exr 
tremity  of  the  fixed  bar,  and  vice  ver^a ;  the 
current  then  invariably  taking  a  contrary  direc-r 
tion. 

Having  placed  the  nerves  of  the  thigh  of  a 
frog  on  a  plate  of  tin,  terminated  by  a  small 
cavity  filled  with  water,  and  the  muscles  on  ano-; 
ther  plate  of  tin  exactly  similar,  if  one  of  the  ex- 
tremities of  an  arc  of  zinc  be  brought  in  contaiS 
with  the  bottom  of  the  cavity  formed  in  the 
coating  of  the  nerve,  and  if  the  other  extremity 
of  the  arc  be  immersed  in  the  water  contained  in 
the  cavity  of  the  coating  of  the  muscle,  the  sus-r 
ceptibility  of  tlie  organs  will  be  found  to  be  such, 
that  the  contractions  will  not  ensue.  By  plung- 
ing the  communicator,  however,  still  more  deeply 
in  tlic  water,  in  such  a  way  as  that  it  may  touch 
the  bottom  of  the  latter  of  the  above  cavities, 
the  contradlions  will  be  instantly  manifested  in 
the  animal  arc*.  Having  afterwards  detached 
the  arc  of  zinc  from  the  bottom  of  the  cavity 
of  the  coating  of  the  nerve,  without,  however, 
withdrawing  it  from  the  water,  the  organ  be- 
comes motionless ;  but,  as  soon  as  the;  arc  ceases 


*  By  establishiirg  a  communication  between  the  two  plates 
of  tin,  hy  the  means  of  a  metallic  substance^  the  same  effed 

•  * 

:s  produced. 

to 
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to  be  immersed  in  the  water,  it  being  at  the  same 
time  stili  in  contact  at  its  other  extremity,  tha 
contractions  are  again  produced.  This  experi«» 
ment  was  frequently  repeated  by  our  author,  and 
was  constantly  attended  by  the  same  result.  In 
the  latter  instance,  however,  the  contrai^ons  were 
invariably  weaker  than  in  the  former*. 

If  the  arc  of  zinc  be  brought  in  contadl  with 
the  coating  of  the  muscle,  at  the  same  time  th^t;- 
its  other  extremity  is  plunged  in  the  qavity  of  the 
coating  of  the  nerve,  the  thigh  of  the  frog  will.be 
forcibly  contradled.  By  immersing  it  still  deeper, 
BO  as  that  it  may  reach  the  bottom  of  the  cavity, 
the  contradlions  will  cease*  In  detaching  it,  the 
muscular  movements  are  usually  perceptible ;  but 
there  are  occasions  in  which  the  organ  remains 
motionless. 

The  same  results  will  be  obtained  as  often  as 
a  more  powerful  metal  is  employed,  tp  establiBh 
a  communication  between  two  homogeneous 
€X)atings,  formed  of  a  weaker  metal.  If  coatings 
of  a  metallic  substance  possessing  a  greater  capar 
city,  be  employed  in  conjundion  with  a  commufr 


m0^ 


*  To  the  end  that  these  experiments  may  constantly  succeed, 
it  is  necessary  to  be  very  carefu  to  employ  organs  the  suscep- 
tibility of  which  has  been  weakentd.  The  contradions  will 
otherwise  be  mapiffssted  io  each  of  the  four  cases  of  the  above 
experiments. 

A  a  4  liicator^ 
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nicator,  or  arc,  wliichhas  a  less  capacity^  Iho 
tfTedls  which  will  be  produced  will  be  diamefaCN 
eally  opposite. 

The  experiments  which  have  been  thus  deh 
tailed,  lead  to  a  very  singular  result^  namely,  that 
one  metal  may  be  distixiguished  from  another^ 
without  being  eitlier  direAly  seen  or  felt,  h 
reality,  by  composing  a  chain  in  such  a  way  as 
that  k  may  be  terminated  by  one  of  the  metab 
described  above,  a  currei^t  beifng  foi Hied  wbicb 
takes  a  particular  dire<^ioa,  totally  different  frood 
the  one  which  it  takes  when  tba  chabi  is,  tern 
minated  by  another  metal,  it  is  easy  to  recognise 
any  one  given  metallic  substance^  In.  tbia  wfljr 
M.  Le»ot.  was  enabled  to  distinguish,  a  portion 
of  zmo  from  a  piece  of  silver,  at  the  extremity  of 
metallic  threads  several  yards  in  length. 

Our  author's  memoir  is  terminated  by  an  exr 
position  of  tlie  means  which  may  be  employe^ 
to  a«gipie«t  the  effedt  of  each  of  the  chaixis  to 
which  his  inquiries  were  directed.  If  several 
analogous  chains,  consisting  of  two.  metak,.  be 
ufiited^  by  bwmi^l  substances,  and  disposed  id 
such  a  way  as  that  they  should  all  equally  tend 
to  give  the  same  direftion  to  the  fluid,  these 
partial  chains,  acting  independently  of  each 
other,  will,  each  of  them  put  in  motion  the 
q4iantity  of  fluid  it  would  hove  a(fted  on,  had  it 
\)tcn  alone.  Consequently,  these  colle6tive  chains 

'     '  will 


wiU  gbre  motion  to  a  greater  quantitj  of  thf 
&(iid,  than  an}i  partial  chaia ;  and  thia  wiU  take 
place,  in  an  augmented  ratio^  according  to  thetr 
number. 

In  a  chain  formed  of  anfidogoos  metalEc  arca^ 
x^onnedled  by  humid  substances,  and  composed 
of  two  metals,  the  current  is  diredled  towards 
that  particular  metal  which  precedes  the  other. 
If  the  arcs  be  formed  by  a  succession  of  three 
different  metals,  the  current  takes  such  a  direc- 
tion as  it  would  assume,  provided  there  were 
in  each  of  the  arcs  the  two  extreme  metals 
only- 

If  a  brass  wire  be  attached  to  each  of  the 
extremities  of  chains  formed  by  a  succession  of 
^cs,  consisting  of  zinc,  copper,  and  a  humid 
substance ;  of  zinc,  plumbago,  and  a  humid 
substance ;  of  zinc,  lead,  and  a  humid  sub- 
stance ;  or  of  lead,  plumbago,  and  a  humid 
substance  ;  and  if  the  circle  be  closed  by  plung- 
ing the  two  extremities  of  the  brass  wires  in 
water  impregnated  with  the  nitric  or  sulphuric 
&cid,  in  such  a  case  the  extremity  of  the  wire 
which  is  attached  to  the  least  potent  metal,  will 
be  covered  with  a  layer  of  copper,  at  the  same 
time  that  the  other  wire  will  be  dissolved.  This 
phenomenon  has  been  repeatedly  noticed  in  gal- 
vanic experiments,  and  is  merely  mentioned  here 
^o  shew  that,  in  this  case  also^  there  is  a  con-r 

stant 
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stant  relation  to  the  direction  of  the  current  of 
the  galvanic  fiuid  ;  a  fa6t  which  our  author  has 
principally  aimed  to  establish.  He  expresses  hit 
convi6lion  that  he  has  sufficiently  developed  the 
laws  of  the  motion  of  that  fluid. 


CHAPf 
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CHAP.  XI. 

Report  made  to  the  French  National  Institute  by 
M.  Haj.le — The  composition  of  the  animal  an4 
exciting  arcs  considered  under  its  various  modi^ 
Jications-^The  theory  of  Volta  combated — • 
Experiments  made  by  Humboldt  in  the  pre^ 
sence  of  the  Commissaries  of  the  Institute. 

TOWARDS  the  close  of  the  year  1798,  a 
commission  was  appointed  by  the  French  Na- 
tional Institute,  to  examine  the  different  galvanic 
experiments  which  had  l^een  made,  and  to  ascer- 
tain their  efFedls  and  results.  The  commission 
nvas  composed  of  the  most  distinguished  French 
physiologists,  aided  by  the  celebrated  Venturi 
of  Modena,  and,  in  one  particular  part  of  its 
researches,  by  M.  Humbolpt,  with  whose  pro- 
found physiological  knowledge  our  readers  have 
already  been  made  acquainted.  The  following 
is  an  analysis  qf  the  report,  which  was  drawn  up 
by  M.  Halle. 

It  sets  out  by  observing,  that,  to  produce  the 
eiFedls  which  charadlerize  the  animal  property 
palled  galvanism,  it  is  necessary,  in  general,  to 
establish^  by  the  means  of  galvanic  instruments^ 

acorn- 
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a  communication  between  two  points  of  conta(5, 
at  a  greater  or  less  distance  from  each  other,  in 
a  series  of  nervous  and  muscular  organs.     It  re- 
sults from  hence,  that  the  entire  system  of  this 
communication   represents^    at  the    moment  of 
a<?lion,  a  complete  circle,  cHvided  into  two  por- 
tions, the  intersections  of  which  are  at   the  two 
points  of  contadl ;   one  of  these  portions  being 
formed  by  the  organs  of  the  animal,   by  which 
the  influence  is  to  be  received,  and  the  other 
depending  on  the  instruments,  by  the  means  of 
which  this  influence  is  produced.     These  two 
portions  of  the  complete  circle  are  den<wmnated 
m  the  report,  the  former  the  mmnat  are^  mA 
the  latter  the  exciting  are.     Relatively  to  the 
exciting  arc,   it  ought  to   be  observed,   thai  it 
n&ually  consists  of  several  dhstin6\  portions,  soffie 
of  which,  being  placed  beneath  the  parts-  of  the 
animal  between  which  a  commanication  is  to  he 
established,   are  called  coatings/ snpportSy  &c. ; 
and  the  others,  which  are  intended  to  produce 
the  commnnication,  by  their  continuity  with  the 
former,  nre  denominated  communieato^'s. 

It  is  on  thes-e  eonsideratians  that  tihe  report 
of  the  experiments  made  by  the  Gx>nMnission  is 
divided  into  six  articles.  In  the  first,  the  result 
of  the  rarfous  combinatiems  and'  di&positio«s  of 
the  parts  of  which  the  animal  tvrc  is  composed, 
is  mvestfgated.  The  second  contain^  an  exposi- 
tion 


tion  of  what  the  cemmission  had  observed^  re- 
latively to  the  nature  and  respediive  dispositions 
of  the  exerting  arc*  The  third  describes  the  most 
remarkabie  circutnBtances,  relatively  to  the  phe- 
nomena exirant&us  to  the  composition  of  either 
part  of  the  galvanic  circle^  the  influence  of  which, 
had  either  determined,  varied,  or  couateradted 
the  success  of  th^e  experiments.  The  foivth  ar- 
ticle contains  several  trials  ow  the  rrheans  proposed 
to  varjfy  eitfeebh^  or  re-establish  the  siLSceptibility 
of  animals,  in  galvanic  experiments.  In  the 
fifth  a  small  number  of  experiments  are  brought 
together,  the  aim  of  which  was  to  subjedl  to  a 
rigid  comparison  H  the  relations  which  several  na- 
turalists had  conje^lured  to  subsist  between  the 
galvanic  and  eleSlric  phenomena^  Finally,  the 
sixth  article  details  the  experiments  repeated  by 
JM.  Humboldt  in  presence  of  the  commission, 
which,  when  compared  with  those  that  had  beeif 
precedently  made,  were  found  to  present  several 
important  modifications. 

Each  of  the  above  articles  contains  the  reflec- 
tions to  which  the  experiments  it  contains  gave 
rise,  and  the  consequences  which  were  naturalljr 
to  be  drawn  from  them.  The  following  are  the 
principal  results. 

In  discussing,  in  the  flrst  article,  the  subjedL 
of  the  ^essential  parts  of  the  animal  arc,  in  thjs 
galvaaic  cirde,  »and  of  the  dispositions  of  these 

parts^ 
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parts,  relatively  to  each  other,  the  reporter,  M. 
Halle,  enters  into  a  detail  of  the  experiments 
made  on   the   different   relations    between  the 
nerves  and  the  muscles  in  which  they  are  distri* 
bated ;  of  those  in  which  the  nerves  were  tied 
or  cut,  the  ligature  or  the  seAion  being  com- 
prised between  the  extremities   of  the  arc ;  of 
those  made  on  the  nerves,  which,  having  been 
taken  from  different  parts,  and   from  different 
animals,  had  been  brought  together  and  united 
in  the  same  arc ;  of  those  made  on  the  nenre 
alone,  or  on  the  muscle  alone,  comprised  be^ 
tween  the  extremities  of  the  exciting  arc;  of 
those  in  which  bits  of  flesh,  &c*  were  interposed 
in  the  animal  arc  ;  and,  finally,  of  the  experi* 
ments  made  on  animals  in  their  entire  and  un* 
prepared   state.     The   conclusions  drawn  from 
the   aggregate  mass  of  these  experiments  are 
eleven  in  number,  and  are  briefly  as  follows  : 

1st,  The  animal  arc  may  be  formed  either  bj 
nerves  and  muscles  contiguous  to  each  other,  or 
by  nerves  alone. 

2dly,  Its  essential  part  must  consequently  re- 
side in  the  nerve. 

3dly,  All  its  parts  ought,  in  general,  to  be 
continuous  or  contiguous  to  each  other. 

4thly,  It  is  not  interrupted  by  the  section,  or 
by  the  ligature  of  a  nerve,  provided  the  parts 
tied  or  divided  are  contiguous  to  each  other. 

5thly, 
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5thly,  The  diversity  of  the  parts  brought  to- 
gether in  the  formation  of  the  animal  arc,  does 
not  prevent  its  entireness,  provided  there  be  a 
contiguity  between  all  the  parts. 

6thly,  This  entireness,  when  destroyed,  may 
be  re  established  by  the  interposition  of  a  variety 
of  non -animal  substances,  and  more  especially 
by  metals,  provided  the  contiguity  of  all  the 
parts  be  invariably  maintained. 

7thly,  The  muscular  organs  are  constantly 
those  in  which  the  nerves  comprised  in  a  com- 
plete animal  arc  are  definitively  terminated.  It 
results  from  hence,  that  the  muscles  which  are 
affected,  are  invariably  those  that  answer  to  the 
extremity  of  the  arc  most  distant  from  the  origin 
of  the  nerves  of  which  it  is  composed. 

8thly,  When  the  origin  of  all  the  nerves  which 
compose  the  animal  arc,  is  brought  towards  one 
of  its  extremities,  the  muscles  alone  which  an- 
swer to  the  other  extremity,  are  subjedl  to  the 
galvanic  convulsions. 

Qthly^  When  an  animal  arc  is  composed  of 
several  difierent  systems  of  nerves,  the  origins 
of  which  correspond  with  the  middle  of  the  arc, 
the  muscles  of  each  ot  these  systems  are  equally 
a£led  on,  at  its  two  extremities. 

lOthly,  Several  of  the  experiments  which  were 
made  by  the  commission,  tended  to  demonstrate 
the  fallacy  of  the  opinion  of  those  who  ascribe 

the 
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the  galvanic  pheoomtna  to  the  leonearrence  of 
wo  different  and  oorrespoodiiig  influences,  m 
the  pait  of  the  nenre  and  of  tbe  auatde.  Tbdr 
results  manifested,  that  the  above  fhyncAopti 
had  formed  an  erroneoiit  judgsMnt^  when  thej 
compared  the  relations  tobsiatifig  betiraen  tfatt 
nerve  and  the  muscle,  in  the  phenoioMaua  of fd^ 
vanisni^  to  those  of  the  iaternal  and  etttaml 
coatings  of  a  Leyden  phiaL 

llthly  and  lastly,  llie  oomrisig  of  th6  qx- 
denms,  in  entire  and  unprqpfflred  mmoMlB,  m  ill 
obstade  to  the  developoient  of  th^  nSb^  it 
gaivaniam.  When,  in  consequence  of  its  ex* 
trethe  tenuity,  it  does  not  interropt  thett*iltot 
gether,  it  vmdLens  tbem  in  a  very  sensible  uM» 
Tier. 

The  second  article  of  the  report  treats  of  the 
parts  of  the  exciting  arc,  and  of  their  reiatifs 
nature  and  dispositions.  It  is  divided  into  seveo 
ae^i(»is,  the  first  of  which  contains  the  experi- 
ments'made  with  metallic  substances,  according 
to  their  nature  and  diversity,  the  exciting  arc 
being  formed  of  two  or  three  different  metals,  or 
of  a  still  greater  number,  but  invariably  diffe- 
rent ;  of  two  metals  in  two  or  three  portions ;  or 
of  a  single  metal.  Next  follow  the  experiments 
made  with  metallic  alloys^  in  different  propor- 
tions; with  amalgams;  with  different  metallic 
combinations;  with  various  kinds  of  nnneraliaed 
«  •  metals; 
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metals  ;  and  with  their  oxyds.  Lastly,  the  trials 
were  made  with  metals  rubbed  against  each  other, 
and  with  carbures,  sulphures,  phosphures,  and 
metallic  oxyds,  introduced  as  coatings  into  the 
arc. 

The  second  sedlion  describes  the  experiments 
made  with  charcoal  and  carbonated  substances, 
which,  next  to  metals,  merit  a  particular  notice, 
relatively  to  their  use  in  the  formation  of  the 
exciting  arc.  The  employment  of  idio-ele6lric 
substances  in  the  above  arc,  namely,  of  jet^  as- 
phaltes,  sulphur,  amber,  sealing- wax>  the  diamond, 
and  basaltes,  the  result  of  the  trials  on  which 
forms  the  subje6l  of  the  third  sedion,  constantly 
tended  to  intercept  the  galvanic  phenomena. 
Air  was  produ6live  of  the  same  efFedt.  Water,  and 
humid  substances  in  general,  which  are  considered 
in  the  fourth  secStion,  when  employed  inter- 
mediately, in  establishing  the  communication, 
determined  by  their  interposition,  in  a  very  re- 
markable manner,  the  galvanic  effects.  In  the 
fifth  se6liou  an  account  is  given  of  the  experi- 
ments made  with  the  animal  substances  by  which 
the  exciting  arc  was  formed  ;  and  the  sixth  sec- 
tion describes  the  experiments  relative  to  the  ex- 
tent of  the  surfaces  of  the  parts  of  the  arc  in 
question.  These  experiments  demonstrated  that, 
'  in  these  intermediate  substances,  the  augmenta- 
tion of  their  extent,    and  more  particularly  of 
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their  surface,  produced  a  very  scfieible  difFei^nce 
in  the  intensity  of  the  effed.  The  seventh 
sedtion  treats  of  the  relations  of  the  exciting  fa- 
culties, between  tljc  different  parts  of  the  ex^ 
citing  arc. 

The  reflexions  n>ade  by  M.  Hai.i:e,  on  the 
experiments  described  in  the  above  article,  tend 
to  prove  as  follows : 

1st,  That  the  disposition  of  the  exiting  arc, 
the  most  favourable  to  the  galvanic  efie^,  is 
the  one  in  which  it  is  made  to  consist  of  three 
parts  at  least  of  a  different  nature,  selected  from 
among  metals,  water  and  humid  substances,  car- 
bonated substances,  and  animal  substances  de- 
prived of  the  epidermis. 

2d!y,  That  the  above  arc  appears,  notwith- 
standing, to  be  efficacious  in  a  certain  degree, 
when  it  is  merely  formed  of  a  simple  substance 
of  a  suitable  nature. 

3dly,  That  the  smallest  difference  in  the  na- 
ture of  the  parts,  is  sufficient  to  restore  the  effi- 
ciency of  which  it  has  been  deprived  by  the 
identity  of  the  substances. 

4thly,  That  it  may  be  completed  by  substances 
calculated  to  form  the  animal  arc. 

5thly,  That  its  efficiency  may  be  suspended  by 
the  separation,  or  at  least  by  a  sufficient  distance 
between  the  parts  of  v»diich  it  is  composed. 

(jthly,  That  the  smallest  degree  of  humidity 

^uf£ce» 
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Suffices  to  unite  the  parts  of  the  excititig  fircj 
and  to  deterniine  the  effeSs  ttiey  are  iritehded 
to  produce  on  the  animal  arc. 

7thly,  That  the  influence  of  thfe  state  bf  thfe 
fttiftosphere,  and  of  the  surrounding  circum- 
Stances,  may  be  very  poWerfol  in  the  iflofe  or 
lesis  succ^ssftil  prodti(Slion  of  the  galvanic  phei* 
tK)mena. 

8thly,  'That  the  experiments  made  ori  the  ani- 
TBal  arc,  and  on  the  exciter^  relatively  to  th* 
comparative  efFedls  of  animal  substances,  whetheir 
stripped,  c^r  covered  by  the  epidermis ;  together 
\vith  those  made  on  the  epidermis  itself,  either 
iri  a  dry  of  moistened  state,  scfem  to  warrant  thi 
conclusion  that  the  latter  substance  ought  to  bfe 
considered  as  one  of  thbse  by  which  the  eflfe6te 
bf  the  exciting  arc  are  either  weakent^d  or  inter- 
cepted. It  is  likewise,  as  well  as  the  hair,  and 
the  bristles  of  certain  animals,  to  be  considered 
tts  belonging  to  the  substances  which  partake  of 
the  nature  of  those  denominated  idio-ele6lrical. 

9tWy,  That  the  substances  which  may  be 
made  to  enter  into  the  formation  of  the  exciting 
arc,  ar^^  for  the  greiater  part,  comprised  among 
those  which  are  classed  as  substances  capable  of 
bemg  employed  as  conda6lors  of  electricity ; 
tf  hile  those  which  tend  to  interrupt  the  arc,  be-^ 
long,  for  the  greater  part,  to  the  class  of  sttb- 
jftances  stiled  idio-eledh-ical^  of  which  are  known 

Bb2  to 
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to  retard  the  transmission  of  ele&ricity.  Tliid 
propositicxi  is^  however^  liable  to  great  exoep- 
tionSy  as  has  been  demonstrated  by  the  experi- 
ments made  by  M.  Humboldt. 
.  lOtMy  and  lastly.  That  the  galvanic  efied  ts 
in  a  certain  ratio,  not  /only  to  the  nature  of  the 
liarts  of  which  the  exciting  arc  is  fbrrned,  aod 
to  their  resped^ive  dispositions ,  but  likemse  to 
their  extent,  and  more  particularly  to  the  size  of 
ihe  surfaces  by  which  the ,  efFeA  itself  appears  to 
-be  transmitted. 

The  third  article  of  the  repcni;  refers  to  tbd 
causes  which  are  extraneous  to  the  composition 
of  the  galvanic  drde,  as  well  as  to  the  two  arcs 
^f  which  it  is  composed,  and  which  have,  never- 
theless, an  evident  influence  on  the  result  of 
the  experiments.  These  causes  and  circum- 
stances relate,  in  the  first  place,  to  the  state  it- 
self of  the  contradtile  parts  of  the  animal,  sub- 
jedled  to  the  experiment.  Secondly,  to  the 
mode  of  producing  the  contadl  by  which  the 
communication  is  established.  Thirdly,  to  the 
influence  which  the  experiments  themselves  have 
on  each  other,  by  the  mere  effeA  of  their  suc- 
cession. And,  fourthly,  to  the  media  in  which 
the  operations  are  performed.  The  article  which 
is  now  under  consideration  is  thus  divided  into 
four  seftions.  The  objeft  of  the  first  sedlion 
was  especially  proved  by  the  result  of  the  ex- 
periments^ 
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periments,  made  either  with  an  identity  of  all  the 
parts  of  the  exciting  arc,  or  simply  with  that 
of  the  coatings.  The  circumstances  under  which' 
the  susceptibility  of  the  animal  is  diminished,, 
gave  rise  to  the  ascertainment  of  several  pheno- 
mena which  would  not  otherwise  have  been  ob- 
served, and  the  greater  part  of  which  are  ex- 
posed in  the  second  se6lion,  in  which  the  in- 
fluence of  the  mode  of  the  conta6l,  on  the  suc- 
cess of  the  experiments,  is  discussed.  The  va- 
riations of  the  conta6l  are  arranged  as  follows  i 
First,  a  change  is  made  in  the  disposition  of  a 
coating,  or  in  that  of  the  animal  parts  them- 
selves. Secondly,  the  communicator  is  either 
brought  nearer  to  the  parts,  or  made  to  recede 
from  them.  Thirdly,  the  efFe6l  is  produced  by 
the  rapidity  of  the  contadl,  or  by  the  hasty 
mode  in  which  the  communicator  is  withdrawn,. 
Fourthly,  it  is  produced  by  the  simple  change 
of  contiguity,  without  any  interruption  of  the 
contadl. 

The  members  of  the  commission  having  suc- 
cessively made  a  great  diversity  of  experiments, 
relatively  to  the  influence  they  have  on  each 
pther,  by  the  mere  result  of  their  succession, 
were  soon  convinced  that  several  of  thfem  had  so 
marked  and  decisive  an  effect,  on  the  suscepti-* 
bility  of  the  animal^,  that  they  seemed  to  deter-* 
piine,  in  ^  very  sensible  manner,  either  the  sue- 
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cess  or  the  failure  of  the  ei^periments  by  which 
they  were  followed.  The  experiments  had  hi- 
therto been  made  in  the  common  atmosphere ; 
but  they  now  proceeded  to  a  new  series,  made 
beneath  the  water,  and  in  ^n  electrical  atmo, 
^here,  which  proved  that  one  of  the  conditions 
the  most  capable  of  influencing  the  success  of 
the  experiments,  consists  in  the  nature  of  the 
media  in  which  the  processes  are  performed. 

The  experiments  detailed  in  the  above  aiticlc 
led  to  the  following  reflections; 

1st,  Tiiat  the  galvanic  influence  appears,  under 
many  circumstances,  to  be  excised  by  exerdsCjj 
to  be  exhausted  by  a  continuanoa  of  inotion,  afi4 
to  be  recruited  by  repose. 

2dly,  That  the  great  variety  of  causes  whicl^ 
appear  to  influence  the  result  of  galvanic  experi- 
meats,  and  to,  contribute  either  to  their  success 
or  failure,  require  the  utmost  caution  in  prot 
nouncing  affirmatively  or  negatively,  unless  ^ 
certainty  has  been  acquired,  that  all  the  circum-r 
stances  by  which  they  ajre  influenced  have  b^n 
duly  appreciated. 

3dly,  That  one  of  the  circumstances  most  di- 
rectly in  proof  of  what  has  just  been  advanced, 
is  the  particular  relative  to  the  continuance  of 
the  galvanic  spasm,  when  the  communicator, 
held  in  the  hand,  appeared  to  be  constantly  di- 
rei^led  towaids  the  same  point  of  cpntadl.     On 

this 
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this  occasion  it  was  demonstrated,  by  the  cessa^ 
tion  of  the  spasm  at  particular  intervals,  that  a 
real  change  had  taken  place  in  the  contadl,  nptr 
withstanding  the  apparent  immobility  of  the  com-r 
municator.  From  lience,  observes  the  reporter, 
it  may  be  concluded,  that  the  smallest  change  ia 
the  respedive  situations  of  the  parts  of  the  galr 
vanie  circle,  and  of  the  exciting  arc,  may  pro^ 
duce  an  effedl  on  a  susceptible  animal,  and  influv 
ence  the  successful  issue  of  the  experiment,  un- 
less an  attention  be  paid,  in  this  resped,  to  the 
slightest  variations. 

4thly,  That  the  experiments  relative  to  the 
connexion  between  the  galvanic  movements  and 
the  approach  or  retirement  of  the  conductor, 
tend  likewise  to  support  -the  preceding  proposi-r 
tion,  and  prove  that  the  shortest  interval  of  time 
ought  not  to  be  lost  sight  of,  in  experimenting, 
and  should  not  only  be  observed  colle6lively, 
but  likewise  studied  in  their  succession,  during 
the  entire  continuance  of  the  operation. 

5thly,  That,  in  the  formation  of  the  exciting 
arc,  there  appear  to  be  both  enervating  ai>4 
corroborating  dispositions,  several  of  which  not 
only  possess  a  positive  or  negative  influence  at 
the  moment,  but  likewise  dispose  the  animal  to  a 
greater  or  less  degree  of  susceptibility  in  the 
experiments  that  ensue. 

pthly^  That  it  is  equally  easentki  to  the  ex« 
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p£iitude  of  the  experiments^  and  to  their  dua 
^ippreciation,  to  ascertain  the  state  of  the  animal, 
as  well  as  the  mode  in  which  it  has  been  kept 
until  the  moment  of  trial,  &nd  likewise  the  state 
of  the  atmosphere. 

7thly9  and  lastly 9  That  it  is  a  desirable  objed 
to  physiologists,  to  arrange  the  difierent  kinds  of 
experiments  in  the  order  of  their  efficiency,  and 
to  form  in  this  way  a  galvanic  scale,  which  would 
lead  to  the  ascertainment  of  the  degree  of  sus- 
ceptibility residing  in  an  flnimal,  'taken  in  such  a 
state,  and  in  such  a  disposition,  as  well  as  to  a 
knowledge  of  the  experiments  to  which  it  ought 
to  be  subjected,  according  to  its  more  or  less 
susceptible  condition.  Such  a  classification  of 
the  experiments  would  enable  them  to  judge, 
how  /ar  the  success  or  failure  of  an  experiment 
might  give  rise  to  certain  conclusions,  absolutely 
pegative  or  affirmative. 

The  fourth  article  of  the  report  relates  to 
experiments  on  the  means  of  varying,  enfeebling, 
and  re-establishing  the  susceptibility  of  animals, 
in  galvanic  experiments.  To  complete  the  clas- 
sification of  the  causes  by  which  the  success  of 
the  experiments  may  be  influenced,  it  was  like- 
wise necessary  to  ascertain,  independently  of  the 
circumstances  which  refer  to  the  mode  of  operat- 
ing, to  the  state  of  the  animal,  and  to  the  effedls 
resulting  from  the  intermediate  bodies,  the  adlion 
.         -  of 
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of  the  different  substances  capable  of  developing 
or  suspending  the  susceptibility  of  the  nervous 
and  muscular  organs.  This  article  is  composed 
of  three  sedlions,  the  obje6l  of  the  first  of  which 
is  the  influence  of  eledlricity  on  the  susceptibility 
of  animals  subje6ted  to  galvanic  trials.  The  se- 
cond considers  the  eftciSts  of  several  liquid  sub* 
stances  on  the  galvanic  properties  of  the  muscular 
organs.  And  the  third  treats  of  the  influence  of 
the  diff'erent  causes  by  which  asphyxies  are  pro- 
iduced  on  the^  galvanic  effedls.  This  se6lion  is 
extracted  frcto  the  experiments  made  at  the. 
School  of  Medicine  in  Paris. 

1st,  A  single  experiment  sufficed  to  demon- 
strate the  property  by  which  the  eledric  spark 
re-establishes  the  susceptibility  of  animals,  ex- 
hausted by  repeated  experiments. 

2dly,  The  liquids  which  were  employed  to 
ascertain  the  galvanic  properties  of  the  muscular 
organs,  consisted  of  alcohol  and  the  oxygenated 
muriatic  acid,  applied  to  organs  exhausted  by  a 
series  of  experiments ;  together  with  solutions 
of  potash  and  opium.  In  all  the  trials,  the  most 
efiicacious  metals,  such  as  silver  and  zinc,  were 
employed  as  coatings.  The  experiments  which 
had  been  made  by  M.  Humboldt,  and  in  repeat- 
ing which  his  processes  were  stri6lly  followed, 
^d  not,  howeyer,  aflford  results  conformable  to 

those 
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those  he  had  described.  On  this  fiubjeS  the 
above  physiologist,  who  was  present,  observed  to 
the  members  of  the  commission,  that  experiments 
of  this  nature,  the  object  of  which  was  to  ascer- 
tain shades  of  difference  more  or  less  difficult  to 
the  perceptions,  should  have  been  made  at  a 
colder  season  of  the  year. 

3dly,  The  experiments  described  in  the  third 
se^lion,  relatively  to  the  efFeAs  of  asphyxies  on 
the  muscular  organs,  were  made  on  animals  with 
cold  blood,  some  of  which  were  brought  into  a 
state  of  asphyxy,  either  by  submertffr>n,  by  stran- 
gulation, or  by  the  adlion  of  the  different  gases, 
while  the  others  were  made  to  perish  in  vacuo,  or 
by  the  means  of  ele61rical  discharges.      The  ob«. 
je6l  of  these  experiments  was  to  make  a  relative 
comparison  of  each  of  the  phenomena^   and  of 
each    of  the  cfFedls,    of  the  ditferent   kinds  of 
asphyxy,  taking  all  j)ossible  care  to  ascertain,  in 
the  animals  brought  iuto  that  particular  state, 
the  condition  of  the  muscular  system,   relatively 
to  the  cfrLx'us   of  the  galvanic  influence.     The 
experiments    were    made   with   an   exciting   arc 
composed   of  three   different   metals ;    and   the 
animals    Mibjeciod    to    them,   were    rabbits   and 
guinea-pigs,   (cavia  cobaya.)     The   state  of  the 
Risceptibihty   of  the    nervous  and  muscular  or- 
gans, presented  a  great  variety  of  phenomena, 

According 


g  According  to  the  differ^ncje  of  the  causes  of  the 
asphyxies,  and  the  mgde  in  which  thqy  operated. 
The  following  is  a  summary  of  the  results. 

In  the  first  place,  the  susceptibility  was  en^ 
tirely  annihilated  by  asphyxies  in  the  sulphurated 
hydrogen  gas,  and  by  those  produced  by  th^ 
yapour  of  charcoal,  by  the  submersion  of  the 
animal,  and  by  its  suspension  by  the  hinder  feet. 
Secondly,  its  progress  was  retarded  by  asphyxy  in 
the  pure  carbonic  acid,  beneath  a  mercurial  appa-« 
jfatus.  Thirdly,  it  was  weakened,  but  not  anni* 
hilated,  in  the  case  gf  asphyxies  produced  by  the 
sulphurated  hydrogen  gas,  after  it  had  lost  a  por^^ 
tion  of  its  sulphur ;  by  the  ammoniacal  gas ;  by 
the  azote  gas ;  and  by  the  gases  exhausted  by 
respiration.  Fourthly,  it  remained  in  an  un-» 
altered  state,  after  asphyxies  produced  by  a  sub-r 
niersion  in  mercury ;  by  the  efFed  of  the  purq 
hydrogen  gas ;  by  the  carbonated  hydrogen ;  by 
the  oxygenated  muriatic  acid ;  by  the  sulphuric 
^cid  ;  by  strangulation ;  by  the  exhaustion  of 
air  in  the  pneumatic  machine  ;  and  by  the  dis- 
charges of  an  ele6lrical  battery. 

At  the  close  of  the  inferences  drawn  from  the 
experiments  made  on  the  comparative  efFedts  of 
asphyxies,  are  the  reflections  which  result  from 
^hese  efFe<Sls,  and  which  tend  to  prove : 

1st,  That  if  asphyxies  in  general  resemble  each 
pther^  by  the  prw^tipn  of  a  respirabl^  atiitosphere. 
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md  by  the  suspension  of  the  fun6Hont  of  tlie 
hmgs  and  of  the  circulation,  thejr  vary  greatly  in 
their  other  effeds,  according  to  the  natme  of 
the  substances  by  which  they  are  caused; 
"  2dly,  That^  among  these  causes,  there  are  some 
which  a&.  very  profoundly,  penetratiiig,  at  the 
aflme  moment,  all  the  parts  of  the  nervous  and 
muscular  systems ;  while  others  have  but  a  so- 
perficial  a(5lion,  and  merely  produce  a  pulmonaiy 
Wphyxy. 

'Sdly ,  That  one  of  the  most  remarkable  cbangei 
consists  in  the  variations  to  which  the  galvanic 
snsoeptibility  is  liable. 

4thly,  That  the  state  of  muscular  irritability, 
ascertained  by  the  means  of  substances,  the  me* 
chanical  a(?lion  of  which  produces  the  contra6lion 
of  the  muscles,  by  irritating  them,  does  not  always 
correspond  with  the  state  of  their  susceptibility 
for  galvanism.  There  is,  indeed,  in  certain  cases, 
a  marked  difterence  between  the  two  states. 

othly,  and  lastly,  That  the  causes  of  asphyxies 
do  not  a6l  in  the  same  manner,  on  all  the  parts 
of  the  muscular  system  :  and  that  the  heart  is 
very  frequently  in  a  state  entirely  different  from 
that  of  the  other  muscles. 

The  fifth  article  of  the  report  contains  an 
account  of  several  comparative  trials  between 
the  galvanic  and  eledric  phenomena.  It  is 
a  well  known  fad,  that  it  was  owing  to  the 
^    '  obser- 
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observation-  of  the  movements  of  frogs,  at  a  cer- 
tain distance  from  an  eledlrical  machine  from 
ivhich  sparks  were  drawn,  that  Galvani  was, 
as  it  were  involuntarily,  led  to  the  important  dis- 
covery which  has  since  occupied  so  much  of  the 
attention  of  naturalists.  The  members  of  the 
commission  accordingly  deemed  it  essential  to 
examine  the  extent  of  the  eledlric  influence  on 
the  animals  they  were  about  to  subjedl  to  gal- 
vanic experiipents,  before  they  should  proceed  to 
inquire  into  the  efFe<?ls  of  one  of  these  influencegt 
on  the  phenomena  produced  by  the  other.  The 
objefis  of  these  experiments  therefore  were  to 
determine  the  susceptibility  of  animals  for  the 
influence  of  eledlricity,  and  to  form  a  comparison 
between  this  susceptibility  and  that  which  they 
have  for  galvanism.  The  greater  part  of  these 
experiments,  and  more  particularly  those  made  in 
a  watery  medium,  together  with  the  results  of 
those  made  with  homogeneous  coatings,  and  with 
the  exciting  arc,  gave  indudlions  which,  in  the 
.opinion  of  the  members  of  the  commission,  if 
they  did  not  destroy,  invalidated,  at  the  least,  a 
great  part  of  the  theory  of  Volta,  relatively  to 
the  influence  of  the  respe6tive  ele6tricities  of 
metals  on  the  phenomena  of  galvanism.  They, 
at  the  same  time,  seemed  to  streno:then  the 
doubts  which  have  been  entertained,  as  to  tlie 

identity 


identity  of  the  principles  of  cteSricity  aiki  gal^ 
Vani^m. 

The  sixth  article  of  t\\6  rep5rt  <i6i)taitis  i  Ift* 
tail  of  the  eiiperimiefits  tihich  tv^rfe  itiade,  in  thft 
presence  of  the  mettiber^  of  the  eommission,  by 
M.  Humboldt,  and  which  ar*  <iliiefly  analogool 
to  those  detailed  in  the  precerling  article.  Their 
6bje6t  t^'»»,  in  the  first  place,  to  dscertaifl  tb€ 
effetS^  of  the  galvanic  processes  on  the  motions  <^ 
the  heart.  Secondly,  the  ^ffefl  of  th4e  Kgsture  of 
the  nerves.  Thirdly,  the  tffe€k  ^  «vap«wd)!* 
Wibstance^,  introduced  into  the  difffefetit  parts  rf 
the  exciting  arc ;  and  of  the  syirtwletry,  eithW 
established  or  destroyed;  between  the  parts  by 
trt)ich  the  extremities  of  the  above  arc  are  formed^ 
Fourthly,  the  galvanic  atmospheres.  Fifthly, 
the  substances  which  are  powerful  cbnda6ters  of 
eleflricity,  bat  which,  nevcrtljiiless,  suspend  the 
galvanic  cominotion.  Sixthly,  the  comparative 
influence  of  cleftricity,  on  the  ele6i:rott>eter3  and 
on  the  nervous  and  muscular  organs.  Seventhly, 
the  indications  of  several  of  the  experiments  sug- 
gested by  M.  Humboldt,  tho  results  of  which 
appeared  to  require  new  trials,  the  season  in  which 
they  were  ma'de  not  having  been  favourable,  for 
the  three  following  reasons  :  P^irfet^  bfecaase  they 
require  a  great  susceptibility  in  the  animal. 
Secondly;  becim^  tliie  time-when  thw^^tiscept-ibi*- 

lity 
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lity  is  the  greatest^  is  towards  the  closQ  of  tfau 
winter,  or  at  the  commencement  of  thfe  spiiilg, 
the  epoch  when  the  animals  which  Were  sUb- 
jsedbed  to  the  experiments,  revive  from  their  tor^ 
ptd  state,  and  are  on  the  point  o(  copulating. 
And  thirdly,  because,  when  that  epoch  is  past, 
sttid  the  period  of  copulation  at  an  end,  the  sus- 
©cptibility  is  diminished.  While  the  copulatioti 
»  going  on,  it  was  stated  by  M.  Humboldt; 
that  it  is,  cateris  paribus^  in  the  male  frog,  greater 
HI  the  anterior  extremities,  with  which  the  animal 
embraces  the  female,  than  in  the  posterior  ex-* 
tremities ;  and  that,  at  every  season,  it  is  in  ge- 
jaeral  gnsater  in  the  females  than  in  the  males, 
more  particularly  in  the  hinder  extremities.  Se^- 
VBral  phenomena,  announced  by  Humboldt, 
seemed  to  demonstrate  that  there  are  experi- 
ments which  do  not  succeed,  unless  at  the  time 
of  the  highest  susceptibility  in  the  animal. 

The  experiments  to  which  we  have  referred^ 
and  the  refledlions  annexed  to  each  of  the  arti- 
cle*, give  a  precise  idea  of  the  principal  proper** 
ties  by  which  the  galvanic  fluid  is  charaAerized, 
They  hold  out  the  prospe6l  of  a  vast  field  of  ob- 
servations, in  which  a  new  system  of  phenomena 
appears  to  develope,  in  a  new  and  varied  light, 
the  eraemble  of  beings  endued  with  life,  sensa-' 
tion,  and  motion.  According  to  these  experi- 
ments, the  galvanic  phenomena  seem  to  demon« 

strate 
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strate^  in  the  animal  otganizatioD,  a  principle  tbci 
pature  of  which  will^  perhaps,  be  long  nnknovo^ 
but  in  which  evid^itly  resides  the  essence  of  the! 
mutual  agreements  between  the  nervoos  ani 
muscular  systems.  We  may  furthermore  par- 
oeive  the  evidences  of  a  sensible  analogy  betweea 
galvanism  and  eledridty,  in  the  mode  in  wfaicb 
the  eflbi^  of  this  principle  are  propagated^  be^^ 
tween  the  parts  of  the  living  ammal }  in  its  jtoh 
gress,  and  in  the  instantaneous  ra{Mdity.of  its.in^ 
fiuence ;  in  the  artificial  means  of  Goamraoioh: 
tion  which  it  obeys  3  and  in  the  relations  of  this 
communication  with  the  two  orders,  of  m^ 
stances,  by  the  former  of  whidi  it  is  tnmsmitled^ 
while  it  is  suspended  by  the  latter.- 

Whatever  this  analogy  may.  be,  it  is  evident/ 
however,  that  it  is  as  yet  far  from  bearing  tlie 
stamp  of  a  perfe6l  identity.  Without  entering^ 
therefore,  into  any  further  reflections  relative  to 
the  nature  of  the  galvanic  principle,  it  will  suf-* 
Jfice  to  observe,  that  the  experiments  by.  which  it 
is  pointed  out  to  us,  appear  to  demonstrate,  with 
a  new  evidence,  a  phenomenon  residing  in  the 
animal  economy,  already  known,  it  is  true,  but 
which  will  in  future  be  less  difRcult  to  appreciate^ 
By  this  phenomenon  we  are  taught,  that  the  cha- 
radleristic  marks  of  life  may  subsist,  in  an  insu- 
latecl  way,  in  the  different  parts  of  the  animal 
organization,  for  a  long  time  beyond  the  term 

when 
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Mrhen  the  life  of  the  totality  of  the  parts  is  de- 
stroyed, and  when  the  animal,  consequently, 
C€Bses  to  exist,  because  the  fundlions  which  main- 
tain the  correspondence  of  the  whole,  and  of  the 
pfu*t6,  namely,  the  respiration  and  the  circulation 
of  the  blood,  are  no  longer  performed. 

-  "  This  is  not  all,"  adds  the  reporter  of  the 
commission  :    ^^  By  making   us  more  intimately 
acquainted   with   the  efFedls   of  the  causes   by 
which  these  fundlions  are  intercepted,  and  which 
-either  suspend  or  annihilate  the  life  of  the  ani- 
mal,  by  the  state  of  asphyxy  they  induce,  the 
\  galvanic  phenomena  enable  us  to  discover,  be- 
tween their  deleterious  qualities,  the  distinctions 
dependent  on  the  difference  of  the  attacks  which 
these  causes  make  on  the  vital  faculties,  and  the 
degrees  of  which  refer,  not  only  to  the  intensity, 
but  likewise  to  the  nature  of  their  a6lion.     May 
not  the  acquisition  of  this  knowledge  hereafter 
lead   us   to  the  improvement,  not  only  of  the 
diagnostic,  but  even  of  the   treatment  of  as* 
phyxies  ?" 

To  how  many  discoveries,  in  the  practice  of 
medicine,  may  not  this  principle  lead  ?  Whatever 
}s  hypothetical  in  that  science,  has  an  unques- 
tionable utility,  seeing  that  it  contributes  greatly 
to  enlighten  both  the  diagnostic  and  the  prog- 
nostic. But  the  knowledge  which  is  established 
on  an  experimental  basis,  followed  up  by  reason- 
7f>i^  u  c  p  ing, 
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ing,  is  infinitely  superior.  If  there  be  an  inti- 
mate connexion  between  the  two,  and  if  each  of 
these  acquirements  has  its  relative  value  and  ad- 
vantages, it  must  be  agreed,  at  the  same  time, 
that  the  former  is  rendered  more  i>erfe6fc  by  the 
latter.  It  may  therefore  be  said,  that  what  is 
practically  founded  in  medicine^  i.s  the  compfe- 
tion  of  the  curative  art.  It  is  the  only  kno^kc^ 
in  which  the  generality  of  persons  confide. 


CHAP. 
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CHAP.  XII. 

A* 

Experiments  made  by  Professor  Aldini  mi  cold- 
blooded animals — He  endeavours  to  combat  the 
doSlrine  o/'Volta,  apparently  with  little  success 
— ^^<?  is  the  first  to  excite  convulsions  in  cold-- 
blooded animals,  by  the  irtfluence  of  warm^ 
blooded  animals  without  the  intervention  of  any 
metallic  substance. 

REPEATED  mention  has  been  made  in 
this  work,  of  Professor  Aldint,  nephew  to  the 
celebrated  Galvani.  The  following  is  a  brief 
account  of  several  of  his  most  interesting  experi- 
ments. 

About  the  middle  of  Odober  of  the  last. year, 
(1802)  this  naturalist  made  several  experiments 
in  presence  of  the  Galvanic  Society  of  Paris.  It 
Vf'xW  suffice  to  recapitulate  the  principal  pheno- 
mena which  were  observed. 

1st,  Several  frogs,  which  had  been  recently 
prepared,  successively  exhibited  the  phenomenon 
of  a  very  sensible  contra6lion,  without  any  me- 
tallic substance  being  interposed,  and  by  the 
simple  contadl  of  the  nerves  with  the  muscles. 

2dly,  The  animal  arc  was  several  times  pro- 
duced,  and   made   sensible,  by   similar  disposi-» 

c  c  2  tions 
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tions  to  those  detailed  in  the  preceding  experl* 
ment* 

3dly,  Simultaneous  muscular  contradlions  were 
produced  by  the  application  of  silver  alone^  in 
three  frogs  recently  prepared,  and  placed,  in  the 
same  dtre6Hon,  at  the  side  of  each  other.  The 
experimenter  being,  however,  desirous  to  prove 
that  the  fluid  by  which  the  animals  were  aded 
on,  was  not  ascribable  to  metallic  ele<5lricity, 
changed  the  position  of  the  intermediate  frog,  by 
placing  the  superior  extremity  of  its  trunk  ip  a 
parallel  line  to  the  inferior  extremities  of  the 
other  frogs.  A  contradlion  being  observed  to 
ensue  in  the  latter,  without  any  such  contrac- 
tion being  noticed  in  the  intermediate  frog,  it 
was  necessarily  concluded  that,  as  the  fluid  did 
not  take  the  shortest  route  of  communication, 
it  could  not  be  the  eledlric  fluid  contained  in 
metals,  one  of  the  general  laws  of  which  does 
not  allow  it  to  deviate  from  that  route. 

The  results  which  were  drawn  from  these  fefls 
and  phenomena  were  as  follows  : 

1st,  That  in  analogous  experiments,  the  animal 
fluid  supplies  the  place  of  the  eledlric  fluid  pro- 
pagated by  metals. 

2dly,  That  this  animal  fluid  needs  no  other 
condudor  beside  the  organized  parts  of  the 
animal. 

3dly,  That  the  nerves  and  muscles  are  the 

most 
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most  certain  conduiftors  of  this  fluid  ;  and  that, 
consequently,  the  experiments  made,  either  on 
■^the  nervous  plexus,  or  on  the  origin  of  the  nerves, 
icannot  fail  to  present  the  most  striking  and  de- 
cisive efFeils. 

4th]y,  and  lastly,  That  the  different  metals,  in 
'whatever  way  they  may  be  applied,  in  experi- 
^ments  analogous  to  the  above,  perform  no  other 
office  than  that  of  favouring,  in  a  greater  or  less 
degree,  Ihe  propagation  of  the  universal  galvanic 
■fluid,  which  penetrates  readily,  in  preference  to 
all  other  fluids,  the  nervous  and  muscular  parts 
of  organized  bodies. 

The  following  are  the  principal  results  of  a 
series  of  experiments  made  by  our  naturalist 
'about  the  same  time,  in  the  presence  of  the 
members  of  a  commission  appointed  for  that 
purpose  by  the  French  National  Institute. 

1st,  Having  laid  bare  the  sciatic  nerves  of  a 
frog,  in  the  customary  manner,  to  the  end  that 
they  might  be  subje£led  to  the  a£lion  of  the 
coatings,  and  of  the  metallic  circle,  he  brought 
in  contadl  with  the  denudated  nerves,  the  mus- 
cular parts  of  the  thighs  and  paws  of  the  animal. 
The  contractions  ensued  in  the  same  way  as  in 
the  customary  galvanic  experiments. 

2dly,  Holding  the  muscular  parts  of  the  thighs 
of  the  animal  in  one  of  his  hands,  he  touched 
with  a  finger  of  the  other  hand  the  suspended 
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nerves.  Tl>e  contraAions  ensued  in  the  same 
way  as  if  the  galvanic  circle  of  metals  bad  be^ 
formed. 

3dly,  Having  requested  one  of  the  company  to 
hold  a  frog  by  its  muscular  parts,  and  applied  his 
finger  to  this  nerves,  without  giving  his  hand  to 
the  person  in  question,  the  contra6):ions  did  not 
6nsue.  They  were  manifested,  however,  as  soon 
te  he  presented  his  hand,  the  finger  of  the  other 
htod  being  applied  to  the  nerves  of  the  fT0g;8. 
Tliis  experiment  was  repeated  on  several  of  these 
animals. 

These  experiments  were  shortly  afterwards  re- 
peated, with  similar  results,  in  London,  at  Mr. 
Wilson's  anatomical  theatre.  Great  WindmiU- 
strect.  On  this  occasion  the  ingenious  Mr. 
CuTHBERTSON  Rssistcd  Profcssor  A1.DIN1  in  ar- 
ranging the  apparatus  ;  and  the  anatomical  pre- 
parations were  furnished  by  Mr.  Hutchins,  a 
medical  student.  A  considerable  concourse  of 
persons  pf  rank  and  fashion  were  assembled. 

It  would  appear  from  what  has  been  stated 
above,  and  from  what  has  since  been  attempted 
by  Professor  Aldini,  that  he  has  long  laboured 
under  an  apprehension,  least  the  theory  of  his 
uncle,  Galvani,  should  be  lost  in  the  blaze  of 
Volta's  discoveries.  He  has,  therefore,  endea- 
voured to  support  his  relative's  do6lrine,  by  a  va- 
riety of  experiments  arranged  with  much  inge- 
nuity. 
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fcuity.  Finding  it  to  be  too  arduous  a  task  to 
appose,  in  a  dire6l  way,  the  principles  of  Volta> 
his  attempts  have  been  chiefly  d^iredled  to  a  re-^ 
conciliation  of  the  two  systems  so  diametrically 
opposite  to  each  other.  It  cannot,  however,  be 
said  that  his  efl^orts  have  been  attended  with  all 
the  success  he  expe6ted  to  derive  from  them. 
Aldini  appears  to  be  the  first  naturalist  who  had 
-succeeded  in  exciting  convulsions  in  cold-blooded 
animals,  by  the  influence  of  warm-blooded  ani<- 
Tnals.  Thus,  Plate  II.  Fig.  1,  represents;  first, 
the  head  of  an  ox  recently  killed  ;  next,  a  finget 
of  one  of  the  hands  of  the  operator  moistened  in 
salt  and  water,  thrust  into  one  of  the  -ears ;  and 
lastly,  a  prepared  frog  in  the  other  hand.  On 
its  spine  touching  the  tongue  of  the  ox,  the  con- 
vulsions were  produced. 

Our  naturalist  deduces  from  hence,  tliat  there 
is  a  galvanic  fluid  peculiar  to  the  animal  ma- 
chine, independently  of  the  influence  of  metals, 
or  of  any  other  foreign  cause.  So  also,  if  a  pre- 
pared frog  be  held  by  one  hand  moist^ened  with 
aalt  and  water,  and  the  crural  nerves  be  applied  to 
the  tip  of  the  experimenter's  tongue,  the  con- 
vulsions will  take  place. 

A  curious  circumstance  is  noticed  by  Aldini. 
A  frog  being  held  as  above,  if,  instead  of  its  being 
applied  to  the  tongue,  the  moistened  finger  of 
the   other  hand  be  broiight  towards  the  crural 

c  c  4  nerves. 
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nerves,  before  the  contact  is  efFe<5led,  the  above 
nerves  are  observed  to  approach  the  finger. 
Professor  Fontana  has  likewise  noticed  this  phe- 
nomenon, and  has  promised  to  favour  the  world 
with  his  opinion  on  this  interesting  subjedi:. 

Our  naturalist  now  proceeds  to  shew  that  me- 
tals arc  in  no  way  necessary,  in  the  produ6iion  of 
these  effV6ls.  He,  notwithstanding,  allows  that 
when  heterogeneous  metals  are  employed,  the 
convulsions  are  more  j^werful. 

He  has  attempted  to  shew  that  a  single  metal 
will  suffice,  for  instance,  quicksilver,  to  produce 
the  eleiftric  phenomena.  Volta  denies  the  de- 
du6lion  Aldini  has  drawn ;  and  observes  that 
mercury,  the  surface  of  which  is  in  a  partial 
state  of  oxydation,  constitutes  in  an  ele6lrical 
sense  two  different  metals,  the  portion  be- 
neath the  oxydated  surface  answering  to  one  of 
them,  anil  the  surface  itself,  thus  altered,  to  the 
other. 

Aldini  has  introduced  several  experiments,  to 
prove  a  degree  of  similarity  in  the  Leyden  jar,  in 
the  Voltaic  pile,  and  in  animal  substances,  rela- 
tively to  the  absorption  of  principles  from  the 
air.  In  this  analogy  he  has  erred  considerably. 
The  Leyden  jar,  when  charged,  far  from  absorb- 
ing any  principles  from  the  air,  displaces  an  ade- 
quate bulk  of  that  fluid,  in  consequence  of  the 
•  admission  of  electricity.     When  it  is4>laced  over 

water, 
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tvater,  in  proportion  as  the  jar  becomes  uncharged 
by  an  exposure  to  such  a  condudling  medium, 
the  water  necessarily  rises  within.  This  is  not 
the  case  with  the  Voltaic  pile,  or  with  the  ex- 
posure of  animal  substances,  which  absorb  the 
oxygen  from  the  atmospheric  air. 

Professor  Aldini  details  several  experiments 
to  shew  the  influence  of  galvanism  on  the  vital 
powers.  As  they  are  without  novelty,  it  is  un- 
necessary to  particularize  them.  He  very  erro- 
neously supposes,  that  the  heart  is  not  aiFe6led  by 
galvanism  any  more  than  any  of  the  involuntary 
muscles.  The  contrary  of  this  has  been  fully 
demonstrated  by  other  naturalists. 

In  the  medical  application  of  galvanism,  as  he 
has  not  had  the  advantage  of  a  professional  edu- 
cation, he  has  been  much  limited.  The  two 
cases  of  melancholy  madness  he  has  given,  are, 
however,  very  curious,  and  well  worthy  the  at- 
tention of  medical  persons.  So  far  as  his  work 
refers  to  the  influence  of  galvanism  on  the  se- 
cretions, no  pradlical  deductions  can  be  drawn, 
the  cure  of  a  diseased  gland  not  being  efFedted 
by  any  changes  in  the  secretions,  but  by  a  change 
in  the  morbid  adlion  of  the  gland  itself. 

Although  our  naturalist  has  not  advanced  any 
new  principle,  yet  he  has,  with  considerable  in- 
genuity, elucidated  Galvani's  theory,  by  seve- 
ral curious  and  beautiful  experiments.     It  does 

not 
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not  Appeur  that  he  has  had  all  th<5  joatice  done 
kirn  by  the  philosophers  on  the  Continent^  irfakb 
he  appears  to  merit. 

In  Plate  IT.  Fig.  I,  the  manner  €$f  pr6dodng 
convulsions  in  cold-blooded  animals^  hy  the  influ- 
ence of  warm-blooded  animals^  ia  repreaedted. 
The  right  hand  of  the  experimental  tat  is  placed 
in  the  ear^  previously  moistened  -Mnrth  salt  and 
Water^  of  an  ox*s  head,  vdiile  in  tfie  other  hand  a 
prepared  frog  is  suspended  by  the  foot,  and  the 
sciatic  nerves  brought  into  contact  with  the  ox*s 
tongue.  In  the  muscles  of  the  frog  t^onvulsions 
are  immediately  produced. 

Fig.  2,  represents  a  prepared  -frog,  auspended 
on  a  metallic  wire,  and,  parallel  to  the  animal,  a 
metallic  chain.  When  the  receiver  is  exhausted 
of  air,  on  pushing  down  the  rod  in  such  a  way  as 
that  the  nerve  of  the  frog  and  the  -chain  may 
touch  the  metallic  plate  at  the  bottom  of  the 
receiver,  the  frog  is  equally  convulsed  as  in  open 
air. 

Fig.  3,  represents  an  experiment  formed  with  a 
view  to  controvert  the  theory  of  Volt  a,  as  to  the 
influence  of  dissimilar  metals.     The  glass  ves- 

r 

sel,  A,  contains  mercury,  on  which  a  prepared 
frog  is  laid  ;  the  spine,  B,  being  raised  up  by  a 
thread,  C,  every  time  it  is  brought  into  contadl: 
with  the  mercury,  the  convulsions  take  place. 
J^ide  p.  140  of  AhDiTuVs  worL 
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Fig.  4,  represents  a  living  frog  placed  in  an 
exhausted  receiver,  the  animal  being  tied  to  a 
plate  of  silver  by  a  silken  string,  and  having  a 
piece  of  tin-foil  on  its  back.  As  often  as  the 
circuit  is  completed  the  convulsions  ensue. 
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CHAP.  XIIL 

Review  of  the  most  interesting  attempts  which 
have  been  made,  to  apply  the  principle  of  gal- 
vanism to  tlie  cure  of  diseases. 

NOTWITHSTANDING  the  very  interest- 
ing philosophical  researches  to  which  it  has  givea 
rise,  if  galvanism  had  not  been  found  to  supply 
resources  in  particular  diseases^  and  to  suggest 
a  more  certain  method  of  cure^  it  would  have 
fallen  into  speedy  oblivion,  and  have  shared  the 
fate  of  mesmerism,  and  other  more  recent  doc- 
trines, of  greater  curiosity  than  utility,  with 
which  several  empirics  have  contrived  to  enrich 
themselves,  and  to  delude  society.  If  a  zealous 
activity,  and  a  constant  perseverance,  in  gal- 
vanic experiments,  directed  towards  the  above 
salutary  aim,  had  been  able  to  ensure  a  complete 
success ;  and  if  several  particular  accidents,  de- 
pendent on  the  constitution  and  impatience  of 
the  sick,  together  with  certain  circumstances 
which  could  neither  be  foreseen  nor  guarded 
against,  had  not  frequently  tliwarted  and  changed 
the  nature  of  experiments  which  promised  to  be 
decis?ive,  the  healing  art  would  long  ago   have 

been 
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teeii  enriched  by  a  new  and  efFeL^ual  method  of 
cure.  The  physicians  and  naturaiists  who  have 
combined  their  efforts,  with  this  laudable  inten- 
tion, would  thus  have  diminished  the  number 
of  the  diseases  which  affiiA  humanity,  or  vvouldj 
at  the  least,  have  afforded  an  effedual  relief  in 
certain  particular  cases. 

This  new  traift  of  medical  science  has  been 
pursued  with  more  or  less  promptitude  or  slow- 
ness, and  with  a  greater  or  less  degree  of  suc- 
cess, according  to  the  intelligence  of  the  com- 
petitors. An  jmusual  zeal  has  been  latterly  dis- 
played, in  contriving  the  means  to  surmount  the 
obstacles  by  which  the  progress  of  the  discovery 
has  been  retarded;  and  every  thing  may  be 
cfifefled  by  time.  Some  little  dependence  may 
also  be  placed  on  chance,  a  word  which,  how- 
ever it  may  be  devoid  of  meaning,  has,  never- 
theless, made  a  conspicuous  figure  in  almost 
every  discovery,  and  in  that  of  galvanism  among 
others.  How  often,  indeed,  have  experiments, 
repeated  with  a  perseverance  which  has  bor- 
dered on  obstinacy,  led  to  uhexpedled  results, 
very  different  from  those  which  were  presumed. 

To  direfl  those  who  may  wish  to  prosecute 
new  inquiries  on  galvanism,  as  it  refers  to  the 
curative  art,  we  shall  take  a  summary  view  of 
whatever  is  most  interesting  on  that  head,  in  the 
researches  which  have  already  been  made.    It 

wiU 
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.  will  be  seen  that  they  furnish^  at  tlie  lesst,  a  tew 
glimpses  of  the  hope  of  success.     We  shall  be- 
gin  by  an  exposition  of  the  ideas  of  the  mxtbor 
ot  the  discovery  of  gallranism^  relatively  to  its 
application  to  the  healing  art. 
'  It  was  observed^  at  the  commencfenMeflit  af  Auf 
work^  that  the  theory  of  GAhrAnty  notwkh" 
standing  he  had^  in  his  endeavoui^  to  estabfish 
it^  exhausted  all  the  resources  of  his  inventive 
genius^  was  unaMe  to  resist  the  tnnltitfide  «ad 
evidence  of  the  real  and  incontestible  Ikds  by 
iriiich  it  was  opposed^  and^  in  a  mannest^  over- 
whelmed.   We  shall  now  see  whether  lie  Wat 
more  successful  in  the  principal  extensiofis  he 
gave  to  his  first  hypothesis^  in  the  investigaticHi 
of  the  causes  of  diseases.     If  he  was  led  away 
by  his  lively  and  ardent  imagination,  let  it  not 
be  urged  against  him  as  a  reproach ;  and  be  it 
remembered,  that  the  lapses  of  a  celebrated  man 
are  constantly  interesting,  insomuch  as  they  arc 
lessons  to  posterity. 

We  shall  now  proceed  to  an  inquiry  into  the 
particular  ideas  of  Galvani,  relative  to  the  pro- 
du6tion  of  rheumatic  afFe6lions,  of  the  nervous 
sciatica,  of  convulsions,  and  of  the  tetanos.  He 
endeavoured  to  account  for  the  acute  and  lasting 
pains,  with  the  muscular  contra6lions  inseparable 
from  them,  which  accompany  violent  rheumatic 
afFedlions,    and  more  particularly  the  nervous 

sciatica, 
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sciatica,  by  ascribing  them  to  extravasated  hu- 
inours,  become  stagnant  around  the  surface  of 
the  nerves,  and  axfting,  not  only  by  the  irritation 
caused  by  their  presence,  but  likewise  by  a 
description  of  arc  or  coating,  of  a  considerable 
extent,  with  which  they  furnish  the  ele6lric  fluid* 
In  conformity  to  these  ideas,  he  explained  the 
causes  of  the  frequent  and  fatal  convulsions  which 
are  produced,  wherever  there  is  a  colledlion  of 
fluids,  either  between  the  brain  and  the  j&m  ma* 
ter,  or  between  that  membrane  and  the  dura 
mater ^  or  in  the  ventricals  of  the  brain,  or  b&* 
tween  the  spinai  marrow  and  the  vertebral  canal, 
or,  lastly,  between  the  nerves  and  their  cover* 
ings. 

He  was  likewise  of  opinion  that  this  pheno- 
menon might  result  from  the  changes  produced 
in  the  layers  of  the  non -conducing  substance, 
with  which,  according  to  his  hypothesis,  the 
nerves  are  provided.  These  layers,  in  the  point 
of  view  in  which  he  saw  them,  are  changed, 
either  by  an  extraordinary  diminution  of  their 
thickness,  or  by  a  depravation  carried  to  such  an 
excess,  that,  from  having  been  non-condu<5lors, 
they  become  condu<^ors,  either  wholly^  or  in 
part.  It  may  be  in  this  way  comprehended,  how 
it  is  that  the  elecftrical  torrent,  having  found  a 
passage  through  this  substance,  which  it  could 
not  before  permeate^  ramt  acquire  a  considerable 

degree 
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degree  of  energy,  and  produce,  by  a  mechanism 
of  this  nature,  powerful  and  extraordinary  con- 
tradUons.  The  tetanos  is,  according  to  Gal« 
TANi,  produced  pretty  nearly  ip  the  same  man** 
ner.  In  this  afFedUon-  there  is  one  peculiarity, 
namely,  that  the  irritation  of  a  single  nerve 
soffices  to  excite  a  spasmodic  rigidity  throog^iout 
the  whole  extent  of  the  muteular  system,  as  isi 
frequently  seen  after  the  ponfhn'e  of  a  nerve. 
As  soon  as  the  spasmodic  moviements  have  been, 
induced,  the  slightest  agitation  of  the  patxeqt^s 
bed  is  sufficient  for  their  reprodu^on. 

After  having  endeavoured  to:  account  for  the 
mode  in  which  the  muscular  movements  are  pro- 
duced, or  augmented  to  an  extraordinary  degree, 
Galvani  attempted  to  explain,  by  the  same 
theory,  the  diametrically  opposite  state,  or,  what 
amounts  to  the  same  thing,  the  absolute  loss  of 
the  contra6lile  faculty,  from  whence  paralysis 
results.  This  disease  he  ascribed  to  the  inter- 
position of  a  non-condu6ling  body,  which  re- 
sists the  passage  of  the  electric  fluid,  from  the 
muscle  to  the  nerve,  and  from  the  nerve  to  the. 
muscle.  Now,  this  efFedt  will,  according  to  him, 
be  produced  as  often  as  an  undluous  substance, 
or  any  other  non-condu6ling  matter,  shall  ob* 
stru6l  the  nerves,  or  the  membranes  in  which 
they  are  enveloped  ;  as  often  as  an  acrid  and  cor- 
rosive humour  shall  have  changed  the  texture 
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of  the  brain,  and  produced  a  congestion,  &c: 
&c.     He  has  agreed,  however,  that  the  palsiea 
and  apoplexies  which  are  formed  slowly  and  by 
degrees,  are  the  only  ones  which  can  be  explained 
in  this  manner.     In  comparing  the  phenomena 
of  apoplexies  and  epilepsies  with  the  efFeiSs  re- 
sulting from  the  application  of  artificial  ele6lri- 
city  to  animals,  he  notices  the  striking  analogy 
between  them,  and  observes  as  folldws :-— "  If 
artificial   electricity   be  conveyed  to   the  headj 
nerves,  or  spinal  marrow  of  an  animal,  by  the 
means  of  the  condu6lor  of  a  Leyden  phial,  para- 
lysis, apoplexy,  and  even  death,  will  be  induced^ 
according  as  the  phial  is  charged  with  a  greatet 
or  less  quantity  of  the  eledlric  fluid.     If  such 
efFedls  result  from  common  eledlricity,  may  it  not 
be  presumed  that  a  sudden  afflux  of  animal  elec- 
tricity towards  the  brain,  may  be  produdlive  of 
the  most  fiatal  consequences  ?     May  not  the  in- 
tensity of  the  diseases   which  ensue>   be  aug- 
mented, in  these  instances^  by  a  change  in  the 
state  of  atmospherical  eleiSricity,  more  particu- 
larly when  it  is  Very  abundant ;  seeing  that,  irt 
such  a  condition  of  the  atmosphere^  the  elec- 
tricity of  animals  likewise  abounds,  as  is  proved 
by  the  violent  and  reiterated  agitations  they  un- 
dergo ?" 

It  may  readily  be  conceived  that  the  cause 

ivhich  Galvani  has  pointed  out^  will  produce 
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thefte  efl^s  fmH^  reaiKly  5  as  wett  at  intMie  cqpee^ 
provided  it  attacks  the  odrebral  orgui  in  a  dire<9 
way^  than  if  it  avEte  ^xdosi^ely  on  tli^  ntrvw. 
la  the  fonncsir  ea«^  idiopathic  dioea»ea  will  be 
]Riodiio(dy  and  in  the  tetter^  the  diadMcs  will  be 
synipiBtbtticai.  Bttt,  in  either  of  tAieae  cebes,  tbe 
viotenee  of  thi  «ytnpt6ma  will  he  aaigmmtei^  ia 
pTOjportion  aa  the  titi«ted  eie^biccMammal  fluid 
shall  have  been  aMcumulated  hi  a  greater  aban- 
dano^  either  in  the  nervoM,  or  in  tht  nMscolar 
syetem-.  It  is  beyond  a  doubt,  that  these  dia^ 
eases  am  peiDttiiarly  fatal  in  aged  persons^  on  ae« 
oeont  of  the  devalojpment  tdiich  agie  prodttceft  ia 
all  the  parts  cf  the  physioal  syst^ii,  and,  more 
€iBpeGiaUy,  oti  aceouM  of  tAie  smnll  portion  of 
fluidity  contained  m  the  oleaginous  svfbstance  Off 
the  nerves,  as  well  as  of  a  defe^ive  transpira- 
tion. 

Gal  VAN  I  endeavoured  to  support  hi*  hypo- 
thesis by  what  is  observed  in  epileptic  patients, 
at  the  moment  the  fit  is  coming  on,  Ttie  greater 
part  of  them  then  feel,  as  it  were,  a  current 
of  air,  which  either  ascends  to  the  stomach  from 
the  abdomen,  or  rises  from  the  inferior  extre- 
mities to^VJn•ds  the  hrafn.  They  sometimes  give 
notice  of  the  attack  to  the  persons  by  whorft 
they  are  surrounded,  insomuch  that,  if  the  fe- 
vourabJe  moment  be  seLsed^  ttnd  a  fetrait  ligature 
be  made  in  the  leg,  thie  fit  is  fbeqtietitly  pre* 

vefRted 
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)^ented  from  coming  on.  Would  it  not  appear 
that,  by  this  application  of  the  li^ture,  the 
trahsmis'^h  of  the  eledlrical  current  towards  the! 
brain  is  resisted  ? 

We  shall  now  ste  \vhat  iVas  Galvani's  opi- 
nion relative  to  the  modus  operandi  of  remedies, 
and  to  th6  manner  of  administeritig  eledlricity. 
Agreeably  to  his  hypothesis,  the  good  eAx^dlS 
which  result,  ih  thes6  cases,  from  th6  applicatiort 
6(  di^reAt  remedies,  as  \to11  as  of  artificial 
AleAr^rcity,  arte  to  b6  ascribed  to  the  mode  of 
fheif  action  on  llhe  animd  flurd,  whatever  miay 
be  the  change  produced  in  the  state  of  that 
fluid.  He  was  therefore  persuaded  that  the  phy- 
Sici'ah  onght  to  govern  his  treatment  by  thtse 
mdicatiohfe.  To  have  a  competent  idea,  for  ih- 
iifence,  of  the  different  modes  in  which  de6tri- 
cil!y  operates  on  the  human  body,  it  i^  neces^rf 
to  pay  dttentibA  to  fhl-ee  particular  circumstances; 
Fit^t,  that  artificial  el66lricity  a<^  promptly  and 
violehtfly  on  thfe  animal  economy,  as  hdppens  ifi 
the  experiment  of  the  Leyden  phial.  Secondly, 
that  it  a&s  in  a  slow  and  successive  itlariner,  and 
'appears  to  combine  itself  with  the  fliiids  of  the 
humid  body,  wh^n  the  application  of  it,  deno- 
minated the  eleSrit  hdtk^  is  made.  Thirdly  and 
ksllyy  that  it  has  a  pfeculikt-  atSibn,  when  a  giveh 
quantity  of  the  eleiftrio  fluid  is  draWn  froth  thfe 
<y»tem,  a^  occurs'  t^hen  it  is  rte^atiVely'ttfnployt^. 

Dd2  The 
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The  convulsive  movements  depend  almost  in- 
variablv,  either  on  a  vitiated  and  exuberant  ani- 
mal  eleiSlricity,  which,  being  excited  by  causes 
the  nature  of  which  is  oftentimes  very  trivial^ 
is  propelled  towards  the  brain  and  the  nerves ; 
or  on  certain  acrid  and  stimulating  principles^ 
wliich  transmit  their  a6lion  to  the  above  organs. 
In  the  former  of  these  cases,  negative  eledhi- 
city  will,  according  to  the  opinion  of  Galvani> 
be  found  to  be  of  the  greatest  efficacy  ;  and,  in 
the  latter,  a  preference  ought  to  be  given  to 
positive  eledlricity,  taking  particular  care  to  diredt 
its  influence,  in  an  immediate  way^  to  the  dis- 
eased nerves. 

On  these  considerations  he  endeavours  to  de- 
monstrate that,  in  the  treatment  of  convulsive 
diseases,  nothing  can  be  more  important  than  to 
inquire,  which  of  the  two  eledlricities,  the  posi- 
tive or  the  negative,  it  is  most  proper  to  em- 
ploy. The  experinients  which  he  made  on  this 
subje6l,  prove  that,  when  the  atmosphere  is  over- 
charged with  the  ele61ric  fluid,  there  is  constantly 
reason  to  suspedt  too  great  an  abundance  of  ani- 
mal eleflricity ;  and  from  hence  arises  the  ne- 
cessity, before  the  treatment  of  diseases  by  elec- 
tricity is  entered  on,  not  only  of  subjedling  the 
air  to  the  test  of  el e6lro meters,  but  likewise  of 
paying  attention  to  fhe  state  of  the  clouds,  to 
the  season,  to  the  kind  of  wind  which  blows,  to 

the 
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the  lunar  phases,  &c.  &c.  It  would  appear  by 
these  experiments,  that  the  mode  which  is  pre- 
ferable to  all  others,  when  the  negative  elec-* 
tricity  is  applied,  is  to  establish  a  communication 
between  the  eledlric  fluid  which  resides  in  the 
muscles  of  any  given  part,  and  the  nerves  of 
the  part  afFe6led.  This  is  the  surest  way  to 
transmit  the  animal  eledlricity  from  the  muscles 
to  the  diseased  nerves,  and  to  expel  the  extra- 
neous substances  by  which  they  are  irritated; 
Galvani  afterwards  expatiates  on  the  advantages 
which  may  result  from  the  application  of  at*- 
mospherical  ele6lricity,  in  stormy  weather.  In 
doing  this,  however,  every  precaution  ought  to 
be  taken,  and  much  prudence  observed,  in  the 
jnode  of  arming  with  condu6lors  the  diseased 
part. 

Without  attaching  to  the  above  theory,  as  it 
relates  to  the  application  of  ele<flricity  to  the 
cure  of  diseases,  a  greater  importance  than  it 
merits,  it  is,  notwithstanding,  certain,  that  the 
{experimental  inquiries  of  Galvani  on  this  sub^ 
je<^  are  not  only  conformable  in  their  result  witlj 
those  of  M.  Mauj>uyt,  published  in  the  Me* 
moirs  of  the  Royal  Society  of  Medicine  of  Paris, 
l)ut  besides  prove,  that  the  i^flvienpe  of  atmo- 
spherical ele6lricity,  and  qf  artificial  eledricity, 
1$  infinitely  greater  than  has  been  latterly  thought. 
J/^t  US  therefore  indulge  a  hope,  that  the  data 

pd3  which 


wkiA  have  been  aequirad  as  tQ  ite  mpde  of  «c^ 
tioD^  resulting  from  the  galv^mic  acasarcfaes  of 
the  difierent  physiologists,  will  throw  madi 
l^ht  on  the  Tariooa  modes  ia  which  it  n^y  bt 
administesed  with  greater  clficacy  than  hereta- 
fore  Tbey  will,  perh^^f ,  in  tl)e  pequd^  devdop 
the  ^OBstant  relations  which  subsist,  Wtweep  tbs 
variationa  of  atmospherical  aleArictty  and  tbt 
state  of  heakh,  and  between  these  variatioiia  aad 
several  diseasea. 

The  application  of  galvanism  to  the  healing 
art,  has  not,  as  m^y  readily  be  coi^e^bur^^  escaped 
the  attention  of  M.  Ckbyb.  It  ia  asa^tefl  by 
this  celebrated  naturalist,  that  he  haa  ^ployed 
galvanism,  with  a  considerable  degree  of  aucoesi, 
in  distinguishing  real  death  froni  apparent  deadi, 
or  asphyxy.  On  this  subje6l  he  has  published 
several  very  interesting  details  in  his  work  on 
metallic  irritation.  He  propo$^s  to  lay  bare  on« 
of  the  muscles,  for  instance,  the  brachial  biceps, 
or  gastrocnemian,  or  even  the  great  peroral 
muscle,  and  to  apply  the  silver  and  zinc,  in  a 
convenient  form,  to  the  muscular  fibres  them- 
selves, in  such' a  way  as  that  the  galvanic  arc  may 
be  established.  If  the  fibres  contra<ft,  it  is  a 
proof  that  the  irritability  has  not  as  yet  been 
entirely  destroyed ;  and,  consequently,  it  eannqt 
be  asserted  that  the  subjeft  of  the  inquiry  is 
really  dead.    But,  should  the  contrary  be  the 

case. 
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case,  there  can  be  no  longer  any  doubt  of  death 
having  ensued. 

The  three  following  objedtions  may  be  made 
to  the  above  do6trine.  Firsts  that  a  partial 
death  may  exist  in  any  one  of  the  muscles  pointed 
out,  without  being  imparted  to  the  rest  of  the 
body.  Secondly,  that  the  susceptibility  to  the 
galvanic  stimulus  may  be  annihilated,  without 
the  irritability  being  generally  exhausted.  And, 
thirdly,  that  the  galvanic  stimulus^  applied  in  the 
mode  pfescribed  by  Creve,  is  not  the  most  pow- 
erful stimulus  known,  since  the  deftricity  of  a 
Leyden  phial,  and  the  galvanic  battery,  a<ft  still 
more  forcibly.  These  objections,  to  which  it 
would  be  difficult  to  reply,  render  the  effica(yjr 
of  the  plan  proposed  by  M.  Ckeve  very  doubtful, 
as  will  be  seen  still  more  distinctly  in  the  analysis 
of  Humboldt's  produdlion  on  the  same  subjeiS. 

The  galvanic  stimulus  has  been  proposed  by 
Ppapp  in  the  treatment  of  several  diseases,  more 
particularly  in  that  of  the  paralysis  of  the  optic 
nerve.  He  speaks  of  the  successful  treatment  of 
a  case  of  hemiplegia,  by  the  introduction  of  sil- 
ver into  the  mouth,  and  the  application  of  a  piece 
of  zinc  to  the  palsied  arm.  The  communication 
was  kept  up,  without  interruption,  for  the  space 
of  twenty-four  hours,  at  the  end  of  which  time 
the  use  of  the  limb  was  in  some  measure  restored. 
To  diminish,  he  observes,  on  the  contrary,  the 

D  d  4  irritable 
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irritable  state,  in  several  spasmodic  affeiSlions,  it 
is  necessary  to  inverse  the  applicatioii  of  th^ 
metals.  The  zinc  should  then  be  stationed  as 
near  as  possible  to  the  central  extrepiity  of  the 
perves,  and  the  silver  laid  on  the^  peripheric 
^rminations. 

Humboldt's  communicatipi^  on  the  appHcar 
tion  of  galvanism  to  pradlical  medicine,  w^sadr 
dressed  to  M.  Loder.  After  five  years  of  con- 
stant  researches  into  the  laws  by  which  the  phcr 
nomena  of  galvanism  are  governed,  and  into 
those  which  relate  to  the  irritability  of  the  ner- 
vous and  muscular  fibres,  this  celebrated  physior 
legist  was  certainly  enabled  to  decide  on  the  ap- 
plication of  these  phenomena  to  pra(SUcal  medi- 
cine. After  having  agreed  with  M.  Loder,  th^t 
the  principal  advantage  of  galvanic  discoveries, 
consists  less  in  its  dire6l  application  to  the  de- 
rangements of  the  animal  economy,  than  in  the 
light  it  may  throw  on  the  nature  of  the  nerves, 
and  on  the  energy  with  which  they  are  endued, 
he  proceeds  to  observe  that,  in  an  age  like  the 
present,  when  a  slow  and  progressive  progress  in 
the  sciences  is  considered  as  a  stationary  state; 
in  an  age,  in  short,  when  a  desire  is  manifested 
to  collect  the  fruits  before  the  flowers  are  formed, 
the  experiments  which  have,  ffom  the  moment 
they  were  conceived  and  made,  promised  a  speedy 
and   immediate   application  to   the  healing  art, 

cannot 
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f^annot  have  failed  to  attra6t  the  particular  atten- 
tion of  the  public,  by  whom  such  an  application 
Mvas  in  a  manner  anticipated. 

It  is  thus  that  galvanism  has  been  occasionally 
recofnmended  as  the  criterion  of  death,  and  at 
other  times  a$  a  powerful  and  salutary  stimulus 
in  the  diseases  of  the  nerves.  But,  when  an  idea 
was  in  the  first  instance  formed,  of  the  ele6tric 
fluid  and  its  properties,  was  it  not  immediately 
thought  that,  in  its  adlion  on  the  human  body, 
it  would  supply  a  remedy  for  all  the  diseases  to 
^^hich  it  is  subjedl  ?  In  the  same  way,  after 
having  noticed  the  galvanic  phenomena,  it  has 
been  latterly  apprehended  that  two  pieces  of  me- 
tal, employed  in  a  particular  way,  would,  as  it 
were  by  enchantment,  recall  to  life  those  who 
have  perished  by  asphyxy,  restore  sight  to  the 
blind,  re-establish,  in  all  cases  of  paralysis,  the 
use  of  the  limbs,  and,  in  a  word,  produce  more 
fialutary  efFeds  than  the  faculty  have  been  enabled 
to  obtain,  from  the  multitude  of  chemical,  me- 
chanical, and  other  remedies  which  have  been 
employed  for  so  many  ages. 

Our  physiologist,  who  is  not  an  enthusiast  on 
this  subjcfft,  examines  coolly  and  without  preju- 
dice, what  the  medical  science  has  ^  right  to  ex- 
pedl  from  galvanism,  and  subje^ls  to  a  rigorous 
analysis  the  opinions  propounded  on  this  sub- 
i^6i  by  the  jpost  distinguished  naturalists.    ^^  Let 

it 
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it  not^  however,  be  forgotten^**  be  obaerras, 
^  that  the  science  which  is  tmdor  our  oonsideni- 
tion^  is  still  in  its  infancy,  notwidiatanding  the 
time  that  has  elapsed  since  its  discovery.  On  the 
first  occasion  that  soap-bubbles^  filled  witii  hy- 
drogen gas^  were  obsenred  to  rise  mpidly  towards 
the  ceiling  of  an  apartment,  the  speAators  were 
far  from  ima^ning  that  this  phenomenon  woqM 
liimish  man  with  the  means  of  elevating  hirasdf 
in  the  air,  and  of  hovering  with  security  ovar  the 
ocean  itself." 

The  first  question  examined  by  M.  Humboldt 
is,  whether  galvanism  may  be  employed  to  distin- 
guish .the  death  which  is  merely  apparent,  from 
real  death.  At  the  time  when  a  celebrated  phy- 
sician, HuFELAND,  pointed  out  the  danger  of 
precipitate  interments,  an  expe<ftation  was  enter- 
tained that  two  pieces  of  metal,  brought  in  con- 
tadl  with  a  nerve,  would  resolve  the  important 
problem  of  the  life  or  death  of  an  individual,  an 
hour  after  he  had  appeared  to  have  breathed  his 
last  sigh.  Behrends  and  Creve  were  the  ear- 
liest to  dire6l  their  inquiries  to  this  subjed,  and 
"to  make  experiments  on  dead  bodies.  Hymly 
andPpAFF  strenuously  combated  the  arguments 
and  conclusions  which  the  above  naturalists  drew 
from  their  experiments.  ^*  I  have  compared," 
says  Humboldt,  ^^  the  fa<5ls  related  by  Creve, 
with  the  results  that  have  come  to  my  particular 

know- 
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J^^nowledge,  and  have  found  that  my  observations 
do  not  accord  with  his  conclusions."  Our  natu* 
ralist  now  proceeds  to  give  the  reasons  which 
prevent  him  from  considering  galvanism  as  the 
true  criterion  of  death.     They  are  as  follows  : 

Ist^  That  the  electric  fluid  still  enables  us  to 
perceive  indications  of  irritability  in  a  nerve,  on 
which  galvanism  has  not  any  sensible  effe6k. 

2dly,  That  the  galvanic  trials  cannot  be  made 
etherwise  than  on  certain  determinate  parts  of 
the  body,  in  which  the  irritability  may  be  de- 
stroyed, without  our  being  allowed  to  conclude 
from  thence  that  it  is  also  annihilated  in  every 
other  part  of  the  nervous  system. 

3dly,  That  there  are  cases  in  which  galvanism 
appears  suddenly  tc^have  no  efFe6l  whatever,  on 
organs  which  were  a  little  time  before  highly  sen- 
sible to  its  application,  and  which  were  even  in  a 
convulsed  3tate  after  its  adlion  had  ceased. 

4thly,  That  a  possibility  exists,  of  the  parts 
which  had  been  apparently  deprived  of  their  ir- 
ritabiHty  for  some  time,  recovering  it  afterwards 
to  a  certain  degree.  Alkaline  solutions  produce, 
in  highly  irritable  organs,  effe6ls  nearly  similar 
to  those  which  result  from  galvanism  on  those 
that  are  less  so.  It  would  therefore,  be  very  im- 
proper to  consider  that  the  organ  in  which  alka- 
Kne  substances  do  not  produce  any  sensible 
movement,  is  absolutely  deprived  of  its  irritability ; 

and 
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and  what  is  trae  respeding  them,  may  be  equall; 
so  respeding  eledrical  and  galvanic  stimuli. 

Our  author  gives  an  aocount  of  several  carious 
experiments,  to  whieh  he  pdd  the  most  scnipa- 
lous  attention,  made  on  difierent  animals.  Their 
results  have  fidly  persuaded  hicn  that  very  slight 
dedrical  shocks  sometifnes  stimulate  muscles  ca 
which  cine  and  gold  do  not  produce  the  smsOeit 
efk&*  He  is  persuaded  that  the  irritated  piusco- 
lar  fibre  contradls  in  the  form  of  an  arc,  and  the 
inanimate  fibre,  in  anfraj6luous  lines.  He  endei* 
voured  to  ascertain,  by  another  seryea  of  experi* 
ments,  whether  it  would  be  possible^  by  some 
chemical  mode,  to  re-establish  the  excitability  of 
an  organ  which  should  have  been  depF|v^  of  it 
by  powerful  electric  shocks.  It  results^  accord* 
ing  to  his  opinion,  from  the  fa6ls  which  he  brings 
forward,  that  galvanic  irritation  canpot  be  con- 
sidered as  the  criterion  of  death,  seeing  that  thq 
vital  principle  may  still  preserve  a  certain  share  of 
energy,  without  our  being  enabled,  by  the  means 
of  galvanism,  to  ascertain  its  existence.  How- 
ever intimate  may  be  the  connexion  betweep  the 
different  organs  of  the  animal  body,  it  is  not  such, 
but  that  life  may  pxist  in  each  of  them  in  a  dif- 
ferent degree^  Several  accurate  experiments, 
made  by  Hymlt  and  Ai^scHEL,  controvert  the 
opinion  that  the  excitability  is  destroyed  in  every 
pther  part  of  the  nervous  system^  because  nq 
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efFedl  whatever  can  be  produced  on  one  or  several 
nerves  of  a  dead  body,  laid  bare,  and  subjected 
to  galvanic  irritation. 

Humboldt,  after  having  given  it  as  his  opinion 
that  an  asphyxy  destroys,  for  a  short  space  of 
time,  the  irritability  of  the  external  pirts,  with- 
out diminishing  that  of  the  internal  parts,  ex- 
claims thts  :  "  Is  it  neces3ary,  because  the  gal- 
vanic irritation  is  found  not  to  produce  exter- 
nally any  sensible  efFedl,  to  consider  as  dead  the 
individual,  on  whom  the  trial  is  made  ?  May  not 
an  eledlrical  commotion,  made  to  pass  through 
the  heart,  restore  the  pulsations  of  that  viscus, 
which,  by  the  means  of  the  blood  in  the  arteries, 
may  still  convey  life  to  every  part  of  the  animal 
system  ?'* 

The  most  important  objection  to  the  opinion 
which  is  combated  by  Humboldt,  is  derived 
from  the  alternations  of  excitability,  and  from  its 
return,  after  it  has  been  apparently  annihilated. 
In  a  communication  made  to  Hufeland,  Ckevk 
lias  asserted  that  the  return  of  the  vital  force  in 
the  animal  body,  after  it  has  ceased  to  manifest 
itself,  is  altogether  chimerical.  According  to  this 
position,  it  is  necessary  to  deny  a  priori  the 
efFedls  relative  to  which  observation  alone  can 
instrudl  us.  It  is  necessary  to  give  a  flat  con- 
tradidlion  to  Humboldt,  when  he  asserts  that, 
in  the  course  of  the  experiments  he  has  made,  to 

ascertain 
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dsctirtain  the  eS^&s  of  saline  oaA  0th«r  substances 
6ti  the  nenroas  antd  itiascalar  fibres^  he  has  fMti 
than  a  thousand  times  seen,  that  the  weak  Stimu- 
hnt  6f  ^inc  and  lead  produced  a  [ju\Ve!i'fu!  iitita- 
fk>n  in  orgatis  on  which^  a  few  mimites  befoK, 
the  more  adlrve  stimulant  of  gold  and  i9nc  luui 
not  the  smallest  eflfedl.  Il^  adds,  that  hi^  \m 
seen  the  irritability  disappear  iii  the  dame  ttius- 
cles,  three  of  four  tim^s  successively,  and  again 
manifest  itself  as  ofleri,  while  he  was  employed  in 
britigmg  alternately  into  contaA  With  them, 
6pium,  the  arse^icd  oxyd^  alcohol,  tnnsk^  acids, 
and  alkalis. 

This  proves  that  the  apprehensions  of  Htm- 
toLDT  were  not  unfounded, when  he  advanced  thai 
galvanism  may  lead  to  an  erroneous  judgment, 
when  it  indicates  death,  where  there  is  merely  a 
more  or  less  complete,  or  a  more  or  less  tran- 
sitory, want  of  irritability.  He  did  not  Confimfi 
himself  to  c6ld-blooded  animals,  in  prosecuting 
his  trials  ;  but,  having  directed  his  experiments 
to  his  own  nerves,  found  that  alkaline  solutions, 
and  the  oxygenated  muriatic  acid,  augment,  in 
their  case,  the  effedt  of  galvahism,  as  powerfully 
as  they  do  on  those  of  frogs  and  fishes.  *^  Life," 
he  observes,  ^^  is  not  a  principle  which  can  be 
annexed  to  the  animal  body,  or  readily  separated 
from  it  at  pleasure.  The  vital  phehomena .  art 
the  result  of  a  certain  organization  of  matter, 

the 


the  form  find  mixtuf)^  of  u^hkh  are  d^teftiAtieA^ 
This  is  the  reiidon  why  a  6h&nge  ifn  the  inasij 
IIMe88(af it/  fft-dduce^  MW  phei^itielta ;  dnd  it  ii^ 
f^hapft  tfttfe,  that  what  w^  call  a  <festrij(5H6ft  of 
^it^it^ility,  arising  from  the  c^ryifnencetnent  of 
the  putf^iki^ive  process,  is  i¥o  othet  than  a  lefttf 
4egtee  of  excitabilityi.'* 

Although  it  would  appear,  from  the  e^pieri- 
ftients  attd  teasonings  of  Hui^boldt,  that  gal- 
vfiHiism  ca«Aot  be  considered  as  an  infitllible  ifteatt 
ef  distitigoishing  real  from  apparent  death,  stiS 
th^t  naturalist  is  far  from  rejedling  altogether  the 
opinion  o(  Creve,  and  the  method  propo^d  by 
hidi.  He  is,  on  the  other  hand,  of  opinion,  that, 
without  afFotding  a  complete  certainty,  the  platt 
proposed  by  the  latter  holds  otit  a  prospedl  of 
Inrobal^e  success,  which  is  not  to  be  rejedled 
Wn<lef  many  circumstances,  seeing  that  the  ^i|>-* 
plication  of  it  is  very  simfde,  and  tha;t  it  may  bfe; 
t  great  resource,  in  every  case  in  which  it  is  im- 
possible to  wait  until  the  putrefadion  has  com^- 
ftienced,  for  instance,  in  a-dtions^  whether  by  land 
ot*  by  sea.  He  is  by  no  means  unfounded  in  hitf 
persuasion,  that,  after  a  combat,  the  surgeons  are 
too  precipitate  in  the  judgment  they  form,  r6h^ 
tiv«  to  those  who  haw  fallen,  and  on  the  ceJr- 
tsiiinty  of  whose  death  they  decide,  beoatfse  thiey 
have  neither  pulse  not  respit^tion.  The  con^e^-^ 
^|i»6noe  i&,  tbal>  i«i  aidlioM  by  land,  they  sue  l&tt 

•a 
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OD  the  field  of  battle,  exposed  to  all  the  injoriei 
of  the  air»  until  they  are  thrown  into  a  ditdk 
Our  naturalist  is  of  opinion,  that  it  might  be  the 
Bieans  of  snatching  many  of  th^te  unfortutite 
vidlims  from  an  untimely  deaths  if  the  mxtgt)aB$ 
of  the  fleets  and  armies  were  to  be  constantly 
provided  with  a  galvanic  apparatus,  such  as  l 
simple  lamina  of  silver,  and  another,  of  xmc,  irith 
which,  after  having  denudated  the  biceps  nnudeoi 
the  arm,  or  the  gastrocnemii  musdea,  they  migbt, 
in  a  few  minutes,  and  without  any  other  prqMDt- 
tion,  make  an  experiment  on  each  of  the  bodies  in 
which  life  is  presumed  to  have  \>e^n  extinguished. 
The  second  question  examined  by  HuMB0U>t 
is,  whether  galvanism  is  capable  of  recalling  to  liG^ 
the  individuals  in  whom  the  vital  principle  ap* 
pears  no  longer  to  subsist.  The  analogy  between 
the  adlion  of  galvanism,  and  that  of  electricity^ 
on  the  organs  of  animals,  has  been  established  by 
a  multiplicity  of  observations ;  and  it  was  from 
the  manifest  resemblance  between  the  galvanie 
and  electric  phenomena,  that  Valli  conceived 
the  idea  of  proposing  the  metalKc  atimulusy 
which,  according  to  him,  possesses  great  efficacy 
in  the  case  of  persons  labouring  under  asphyxy^ 
He  succeeded  in  bringing  to  life  two  pullets 
which  had  been  drowned,  and  were  apparently 
dead*  Anschel  was  successful  in  several  similar 
experiments,  made  on  frogs  suffocated  inbydrog^u 

gas. 
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gas.  Soemmering  proposes  to  repeat  these  ex-^ 
Jperiments  on  persons  apparently  dead,  by  pro- 
ducing an  irritation  on  the  phrenic  nerve,  which, 
on  account  of  its  openings  into  the  coeliac  gan- 
glion, and  into  the  recurrent  and  brachial  nerves, 
excites  a  great  number  of  sympathetic  move- 
ments. Humboldt  very  properly  testifies  his 
surprize,  that  Creve  should  not  only  condemn 
these  experiments  as  totally  inefficacious,  tut 
should  also  venture  to  assert,  that  the  proposition 
brought  forward  by  Valli  and  Soemmering, 
manifestly  betrays,  in  both  of  them,  a  very  small 
share  of  physiological,  pathological,  and  thera- 
peutical knowledge.  This  he  is  very  far  from 
proving. 

A  question  intimately  conne<?led  with  the  pre- 
ceding one,  consists  in  knowing  whether  gal- 
vanism is  to  be  regarded  as  a  mean  of  curing  the 
gutta  serena,  rheumatic  afFedions,  palsies  of  the 
extremities,  &c.  If  the  metallic  stimulus  has 
been  found  to  be  useful  in  asphyxies,  in  which 
every  part  of  the  system,  as  well  nervous  as  mus- 
cular, is  in  a  palsied  state,  wc  may  certainly  be 
allowed  to  expe^l  as  favourable  a  result  in  cases 
of  partial  paralysis,  such  as  certain  affections  of 
the  stomach,  of  the  eyes,  artd  of  the  extremities 
of  the  cutaneous  vessels.  An  objedion  made  by 
Pfapp  to  the  application  of  galvanism,  iti  para- 
lytic diseases,  is,  that  they  may  be  better  com- 

VOL.  I.  £  e  bated 


AMPLICATION  OF  OALTASTISM  TO  fiCBplCUtX. 

bated  by  the  eleArical  stimjulus^  the  force  d 
which  may  be  augmented  or  .diminished  ^  pjle^« 
sure.  But  does  not  this  observation  stri<^y  ^ 
ply  to  the  metallic  stimulus  ?  If  experience  bat 
not  as  yet  aiForded  us  any  precise  information  as 
to  the  relations  which  subsist  betwe^en  the  effi^ 
of  these  two  curative  means  ;-rTif  it  b^  true,  id 
opposition  to  the  generally  received  opinion,  that 
the  galvanic  and  eleAr^c  phenomena  are  essen- 
tially different  from  each  other,  how  i$  it  posttUe 
to  decide,  a  priori y  that  the  adiion  of  both  of 
them,  on  the  animal  fibre,  is  the  same  ?  A  knovr 
ledge  of  this  subjedt  will  be  acquirjed  by  a  seM 
of  experiments  made  on  palsied  limbs,  after  vesi* 
catories  have  been  applied  to  them,  or  artificial 
ulcers  produced  in  any  other  way. 

Galvanism  promises  to  be  very  useful  in  rheu- 
matic affections,  as  well  as  in  the  treatment  of 
several  other  diseases,  in  the  cure  of  which  it  has 
been  often  proposed  to  produce  externally  a  dis- 
charge of  the  humours.  Humboli^t  obsenas 
that,  in  the  experiments  he  repeatedly  made  on 
himself,  the  secretion  of  the  lymphatic  humour 
continued  as  long  as  the  galvanic  irritation  was 
kept  up,  on  the  ulcers  formed  by  the  vesicatories. 
What  was  still  more  extraordinary  was,  that  the 
I  powers  of  the  cutaneous  vessels  were  augmented 
to  such  a  degree,  that  the  secretion  continued  for 
some  time  after  the  application  of  the  metals  had 

been 
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been  discontinued.  In  a  letter  to  our  naturalist, 
Dr.  Anscmel  observes,  that  the  results  of  several 
similar  experiments,  which  he  tried  on  himself, 
were  precisely  the  same.  It  would  not  be  amiss 
to  try  the  eftetft  of  eledlrical  emanations  on 
wounds  made  by  blisters,  and  to  compare  it  with 
that  of  galvanism. 

Ppapp  has,  with  great  sagacity,  deduced  from 
the  galvanic  experiments  made  by  him,  a  mode  of 
Ascertaining  whether  the  operation  far  the  cata- 
nS.  may  be  successfully  performed.  He  ob- 
serves, at  the  same  time,  that  this  method  is  not 
infalliblfj,  seeing  that  the  flash  of  light  produced 
1^  the  galvanic  stimulus,  in  the  experiment  of 
Mr.  G.  HuNTEH,  of  York,  may  not  be  manifested, 
although  the  retina  still  preserves  its  sensibility. 
Humboldt  obsciTes  that  he  has  known  several 
persons,  in  the  case  of  whom  the  experiment  de- 
Bcribed  by  Volta  and  Huntek  has  failed  in  pro- 
ducing the  sudden  coruscation  of  light,  notwith- 
standing their  eyes  were  free  from  any  blemish. 
This  circumstance  may,  in  the  instance  of  cata- 
raft,  give  rise  to  a  double  uncertainty ;  since,  to 
draw  a  just  conclusion  from  the  experiment  in 
question,  it  is  necessary  to  know,  in  the  first 
place,  whether  the  eye  of  the  patient  was  sus- 
tieptible  to  the  galvanic  impression  before  he 
had  been  deprived  of  his  sight ;  and,  secondly, 
iriK^sr  th?  privation  of  excitability,  after  tlie. 
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loss  of  sight,  depended  on  a  defe6i  of  the  retina, 
or  of  the  optic  nerve^  or  originated  from  a  co- 
existing and  accidental  circumstance^  such  as  an 
affedion  of  the  second  branch  of  the  fifth  pair. 

Galvanism  has  been  attended  by  this  importaot 
advantage  to  anatomists  and  phy siologists^  that  it 
furpishes  them  with  a  sure  method  of  distin- 
guishing the  nerves  from  the  other  organs^  and 
from  the  vessels  more  particularly.  Humboldt 
is  of  opinion  that  surgery  cannot  fail,  in  its  theo- 
retical part  at  leasts  to  derive  great  advantages 
from  the  method  proposed.  This  is  highly  pro- 
bable ;  but  there  is  another  benefit,  of  equal  im- 
portance, to  be  derived  from  galvanic  experi- 
ments, namely,  a  mode  of  estimating  the  d^ree 
of  excitability  of  a  nerve  or  a  muscle*  Our  au- 
thor is  persuaded  that  galvanism  will  never  throw 
a  greater  light  on  pradlical  medicine,  than  when 
its  dodlrine  shall  be  studied  in  this  point  of  view. 

Undoubtedly,  galvanism  alone  is  not  sufficient 
to  guide  us  in  the  inextricable  labyrinth  of  the 
phenomena  resulting  from  the  changes,  the 
greater  or  less  degree  of  the  rapidity  of  which 
escapes  our  observation,  that  take  place  in  the 
excitability  of  our  organs.  Provided,  however, 
it  may  not  lead  us  safely  through  all  the  mazes 
of  physiological  research,  it  will,  at  least,  fur- 
nish us  with  a  clue  to  many  of  them.  '^  All  the 
experiments  I  have  made  on  this  subject  (ob- 

serves 


AMPLICATION  OP  GALVANISM  TO  MEDICINE.   421 

*rves  Humboldt,  in  concluding  his  letter),  to- 
gether with  the  variety  of  fadls  which  have  been 
adduced,  and  which  lead  to  observations  of  the 
highest  importance  relative  to  the  Materia  Me- 
dica  and  the  chemical  processes  of  vitality,  would 
have  been  forever  lost  to  me,  had  it  not  beea 
for  the  attempts  made  to  ascertain  the  state  of 
the  nerves,  by  the  help  of  metallic  irritation/* 

The  above  communicat  oa  is  without  <joubt 
feplete  with  novel  and  interesting  ideas,  blended 
with  conceptions  which  display  great  ingisnuity. 
There  are,  however,  different  points  on  which 
the  author  merely  touches,  and  on  the  subjedt 
of  which  it  16  to  be  wished  that  he  had  gon^ 
into  some  length  of  detail.  He  supposes  them 
to  be  sufficiently  understood ;  and,  indeed,  they 
may  be  so  by  those  who  have  perused  attentively 
the  results  of  his  experiments  on  the  irritation 
of  the  muscular  and  nervous  fibres,  A  know^ 
ledge  of  the  above  work  is  indispensable  to  those 
Vfho  are  engaged  in  the  study  of  the  fun<3ioiui 
of  the  animal  economy. 

In  a  note  relative  to  the  treatment  of  paralysis 
by  galvanism,  inserted  in  the  Journal  de  Phy- 
sique *,  a  communication  was  noticed  from  Ber- 
4in,  in  which  it  is  said  that  Dr.  Gbapengiesseb, 


*  Floreal,  an.  ix.  p.  391. 

^  e  3  whose 
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whose  carious  experiments  wehavealreadynoticed 
in  our  analysis  of  Humboldt's  principal  worlc, 
had,  in  conjunction  with  Professor  Hers,  ap- 
plied galvanism  with  success,  in  the  treatment 
of  the  diseases  which  result  from  partial  peralyms^ 
or  a  debility  of  the  nerves  of  any  particular  part. 
It  was  added,  that  they  had  also  been  successfbl 
in  the  treatment  of  cases  of  deafness^  by  means 
of  the  galvanic  piles  •. 

This  note,  which  was  of  but  little  import  at 
he  time,  has  since  become  interesting,  in  con- 
cquence  of  the  appearance  of  a  work  by  M. 
GRAPBNOiBss£B,on  the  employment  of  galvanism 
in  the  treatment  of  several  diseases.  The  fol- 
lowing is  a  brief  analysis  of  this  work,  which 
appeared  in  the  German  language. 

The  author  sets  out  by  remarking  that  the 
piles  which  are  composed  of  zinc,  and  gold  or 
silver,  are  the  most  powerful,  but  that,  in  con- 
sequence of  the  extreme  irregularity  of  their 
a6lion,  they  ought  not  to  be  employed  for  any 
medical  purpose.  Those  which  are  composed  of 
zinc  and  copper  are  preferable  to  them,  because 
their  a6lion,  although  weaker,  is  more  constant 
and  certain. 


*  A  particular  account  of  these  piles  will  be  given  here- 
after. 

It 
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It  wilt  be  here  proper  to  observe,  that  one  of 
the  extremities  of  the  pile  is  denominated  the 
zinc  pole,  the  other  the  copper  pole ;  and  it  has 
been  ascertained  that  the  eledlricity  of  the  for- 
mer is  positive,  and  that  of  the  latter  negative. 
The  former  produces  an  acid  savour,  and  a  red- 
dish stream  of  light ;  while  an  alkaline  savour, 
and  a  blue  stream  of  light,  result  from  the  latter. 

Humboldt  and  Volta  have  noticed,  in  the 
dissedtion  of  the  separate  organs  of  living  ani- 
mals, that  galvanism  is  a  powerful  resource,  when 
ail  attempt  is  made  to  ascertain  the  seat  of  thb 
nerves  in  their  plexuses.  We  are  assured  by  Dr. 
GnAPENGiEssBR,  that  this  mean  may  likewise  be 
employed  to  indicate  the  distributionsof  the  super- 
iicial  nerves,  for  instance,  of  those  of  the  nose  and 
of  a  considerable  portion  of  the  face,  by  placing  one 
of  the  extremities  of  the  galvanic  chainonthenasal 
membrane,  and  the  other  on  a  point  of  the  skin 
by  which  the  frontal  nerve  is  covered.  It  had 
been  announced  by  Volta,  and  aftcrwai'ds  no- 
ticed by  Humboldt,  in  a  letter  written  from 
America,  that  the  phenomenon  of  the  torpedo 
appears  to  be  an  effi^t'i  of  galvanism.  From  all 
these  considerations  our  author  concludes,  that, 
in  living  animals,  the  nerves  are  excellent  con- 
duflors  of  galvanism  ;  that  they  are  influenced 
by  this  agent  in  a  mode  very  similar  to  that  of 
eletftricity  ;  Kit  that,  notwithstanding,  it  appears 

se.4  t0 
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to  penetrate  more  profoundly  into '  the  nervous 
plexuses^  and  to  influence  them  in  a  more  dnnu 
hie  and  more  local  manner.  The  influence  to 
he  drawn  from  hence  is^  that  the  galvanic  flui 
is  highly  stimulating^  and  wdl  calculated  to  de- 
termine  the  nervous  a£tion,  in  those  particiibr 
cases  of  debility  of  the  system,  and  of  paralyse 
in  which  common  dedfancity  is  found  to  be  in- 
efficacious. 

.  Our  author  now  proceeds  to  develop  the  nnm- 
beiies9  varieties  whkh  are  remarked  in  the  eSk&B, 
whether  of  the  simple  galvanic  apparatus,  or  ci 
the  pile  provided  with  condudlors,  which  he  dis- 
tinguishes by  the  name  of  battery.  These  va- 
rieties depend  on  the  nature  of  the  poles;  oo 
the  order  in  which  the  chain  is  established ;  oo 
the  degree  of  its  extent^  by  which  its  cxintinuity 
is  occasionally  destroyed ;  on  the  duration  of  the 
galvanic  application ;  and^  which  is  of  still  more 
importance,  on  the  temperament  and  immediate 
state  of  the  nerves^  in  the  individual  on  whom 
the  experiment  is  made. 

Take  a  piece  of  zinc  and  2  piece  of  silver,  and 
let  each  of  them  be  applied  to  a  wound  made  by 
^  vesicatory.  The  wound  which  corresponds  with 
the  zinc  will  be  the  first  to  cease  to  furnish 
serosity,  and  will  be  soon  covered  by  an  eschar. 

If  a  moistened  finger  be  applied  to  the  zinc 

pole  of  a  battery,  as  soon  a3  the  chain  is  closed^ 

a  sen- 
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a  sensation  is  felt  similar  to  the  one  caused  by  a 
blow  given  to  the  cubital,  nerve.  But  when  the 
same  finger  is  laid  on  the  silver  pole,  a  sensation 
is  experienced  similar  to  the  one  by  which  an  in- 
flammatory swelling  is  accompanied. 

If,  to  the  two  auditory  conduits,  the  conduc- 
tors of  a  battery  be  fitted,  the  one  belonging  to 
the  zinc  pole  will  produce  a  tremulous  motion 
in  the  organ  with  which  it  corresponds,  accom- 
panied by  marked  irradiations,  and  by  a  buzzing. 
The  other  conductor  will  excite  an  acute  pain^ 

If  the  conduAor  of  the  zinc  pole  be  made  to 
correspond  with  the  membrane  of  the  nostrils, 
and  if  the  moistened  hand  be  laid  on  the  other 
pole,  a  quick  and  shooting  pain,  almost  insup- 
portable, will  be  felt  in  the  nose,  together  with 
a  strong  desire  to  sneeze.  The  end  of  the  other 
conductor,  when  substituted  to  the  former  in 
the  nostrils,  causes  a  pungent  sensation  of  pain. 

The  zinc  pole  likewise  produces,  on  the  or- 
gans of  seeing  and  tasting,  irritations  of  a  much 
more  powerful  kind  than  those  which  result 
from  the  silver  pole ;  and  this  happens,  not  only 
at  the  instant  when  the  chains  are  completed, 
but  likewise  during  the  entire  continuance  of 
their  adlion.  When  they  are  destroyed,  the 
cfFedls  are  reversed.  At  that  instant  of  time  the 
most  powerful  impression  is  felt  towards  the  sil- 
ver pole;  but  immediately  after,  without  de- 
stroying. 
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stfoying,  as  Richter  has  asserted^  the  previdtisljf 
excited  sensation,  it  proceeds  towards  the  zinc. 
For  instance,  it  frequently  happens  that  tltf 
buzzing  is  prolonged,  after  the  galVai^  stp^ki* 
tion  has  been  discontinued;  ati^  it  is  by  ft$ 
means  uncommon  to  feel,  severial  honfs*  afier, 
towards  the  evening,  and  at  the  nionn^nt  even  of 
going  to  sleep,  the  return  of  the  dif!bi*ettt  irti- 
pressions  which  the  galvanic  a^k>n  had  dccfl* 
sionedy  more  particularly,  that  of  the  fladi  6S 
light  which  had  been  produced  in  the!  eyes. 

In  the  nature  and^  degree  of  fh^  galvdnic 
commotions,  and  of  the  impressions  by  wbiclk 
they  are  followed,  severd  variations^  relativdy 
to  the  points  of  the  chain  by  which  it  is  either 
completed  or  destroyed,  have  been  noticed.  Tq 
remedy  the  defedl  of  excitability  in  the  nerves, 
resulting  from  the  constant  application  of  the 
same  galvanic  apparatus,  it  is  sufficient  to  inter- 
vert  the  order  of  the  parts  of  which  the  chain  is 
composed.  Finally,  the  conditions  which  refer 
to  the  temperaments,  and  to  the  state  of  the 
nerves,  give  rise  to  such  a  variety  of  shades  and 
differences,  in  the  phenomena  in  question,  that 
a  description  of  them  would  be  impra(5licable. 
They,  notwithstanding,  claim  all  the  attention 
of  medical  pradlitioners. 

Having  entered  into  these  considerations  rela- 
tive to  the  a6Hon  of  galvanism,  and  its  principal 

modi- 
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modifications,  as  being  essential  to  its  application 
to  the  treatment  of  diseaaes,  Dr.  Grapengiesseb 
proceeds  to  the  indication  of  those  particular 
maladies  in  which  it  may  be  resorted  to.  Ac- 
cording to  him,  galvanism  may  be  useful  in  th« 
following  cases  : 

1st,  In  palsies  of  the  extremities,  occasioned 
by  the  debility  or  cessation  of  the  nervous  aflion, 
and  in  those  even  which  have  been  primarily 
determined  by  other  causes,  such  as  the  compres- 
sion of  the  brain,  the  repercussion  of  an  exanthe- 
matic  afFedtion,  or  a  rheumatic  afFetftion,  when 
these  causes  have  been  advantageously  combated 
by  the  usual  means. 

2d!y,  Galvanism  is  indicated  in  cases  of  a  debi- 
lity of  sight,  ami  in  the  giitta  sercna,  when  these 
complaints  are  solely  ascribable  to  a  want  of 
excrtability  in  the  optic  nerve.  It  will  readily  be 
conceived,  however,  how  essential  it  is  to  be  fully 
assured  of  the  nature  of  similar  derangements  in 
the  organ  of  sight,  previously  to  the  application 
of  so  irritating  a  principle. 

3dlj',  It  is  calculated  for  deafness  arising  from 
a  nervous  debility,  and  for  particular  buzzings 
in  the  ears.  In  the  case  of  deafness,  the  cause 
is  sometimes  very  difficult  to  ascertain ;  but 
is  invariably  of  the  utmost  importance.  With 
resjieil:  to  the  latter  symptom,  when  it  arihes,  as 
frequently  happens,  from  the  galvanic  applica- 
tion. 


pqidiieesi »  die  enn^  Xilmtfiro  <»Ciwoi!itf  piiniiw, 
to  UuA  of  boOing  wata' ;  to  thnt  off  4tiiii  wWiliBfig. 
<liAi^wiaiiM.y^  thejin8il|gl«rMi»«-«t^.#ft' 
l(NMt ohirfMig of  l^rdf • '  '•f>'?«.-»<E'«  v*f"(:»^4#f *.*»«•'?{ 
?  4tUgr,  Gahnmim.  spiMiBi  «Mw  iriiMihtia^ife 
tW  I  traatoMait  i<tf  ..hoawwnwi^  ■muii^0m,^iSmt"0 

or  wpfcreiie  ift«r  iai^;jG»igi»i<^^ 
by  singing  or  by  crying,  k  9i^«|i0|vp4^4iid^ 
ike  aff^kmtim  <tf !  Ibfifx  bplt^^ 
wnple  af^aratus,  to  the  mdstei^  |dtm«  *  Jlot  if 
they  should  appear  to  be  the  result,   either  of 
catarrhal,  exantheniatous,  rheumatic,    arthritic, 
or  venereal  affedtions,  the  preferable  mode  would 
be,  to  apply  the  most  simple  apparatus  to  the 
wounds  of  vesicatories.    It  is  true,  that  this  ap<* 
paratus  adls  less  forcibly ;  but  it  has  this  advan- 
tage, which  is  essential  in  the  above  cited  cases, 
that  the  patient  will  be  enabled  to  bear  its  adion 
much  longer.     Our  author  adds,  that  the  dis- 
eases of  the  larynx  arising  from  a  lymphatic  affeci- 
tion,  are  also  calculated  for  the  employment  of 
galvanism^  considered  as  a  resolutive ;  but  that, 
it  will  be  invariably  necessary  tp  employ  at  the, 

same 
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same  time  the  generdi  remedies  which  the  cir- 
cumstances of  each  particular  case  may  indicate. 

5thly,  The  same  means  are  unquestionably 
adapted  to  the  treatment  of  paralysis  of  the 
sphindler  ani,  and  of  the  urinary  bliidder. 

6thly,  Dr.  Grapengiesser  examines  the  ques- 
tion, whether  galvanism  may  not  be  usefully  em- 
ployed in  asphyxy,  which  may  be  considered  as  a 
momentary  paralysis.  Humboldt  made  several 
successful  experiments  with  the  simple  apparatus ; 
and  our  author  is  of  opinion,  that  effcfts  still 
more  decisive  would  result  from  the  application 
'  of  Volta's  pile. 

He  apprehends  that  galvanism  may  likewise  be 
successfully  employed,  as  a  resolutive,  in  certain 
chronical  cases  of  sciatica  ;  in  the  white  swell- 
ings of  the  joints  ;  in  tumors  of  the  glands  of 
the  neck ;  and  in  incipient  cases  of  meliceris  and 
atheroma.  He  observes  that  he  derived  some 
advantage  from  it,  in  a  case  of  metastasis,  accom- 
panied by  inflammation,  at  the  articulations  of 
the  elbow  and  thigh  ;  but  that  he  considers  gal- 
vanism, which  is  in  all  cases  a  powerful  stimulant 
of  the  vital  forces,  to  be  principally  a  powerful 
mean  to  be  employed,  as  an  auxiliary  at  the 
least,  in  the  treatment  of  many  of  the  diseases  of 
the  nervous  system.  Independently  of  its  stimu- 
lating adion,  when  it  is  applied  over  vesicatories, 
it  operates  as  a  powerful  derivative. 

'After 
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After  htTing  thus  pvea  a  list  of  the  diseMOi 
in  which  he  thinks  galvanuun  aajr  be  cffin- 
cioiiily  employed^  our  avtfaor  deeeribes  the  dift* 
mat  modes  of  its  applicstioOy  aooording  to  the 
nature  and  the  teat  of  each  of  them.  In  afancNt 
every  case  he  prefers  theimtteij  to  the  aieiple 
apparatus,  as  possessing  a  greater  ena^. 

In  the  paralysis  of  the  eztreniities^  he  phon 
tlie  eondu^MTS,  either  on  the  aitin  8ioi|rfy  moiifc* 
ened,  cm*  laid  bare  by  vesicatories^  in  mch  «  wtf 
mi  that  the  one  which  belonga  to  the  dac  pols 
may  correspond  with  the  trunk  of  thenerv^  and 
the  one  belonging  to  the  other,  pole^  with  its 
principal  ramiflcations.  He  has  diseomerad  eqse- 
rimentally,  diat  this  disposition  of  the  eoa&iAofs 
is  the  best ;  and  he  has  besides  noticed^  that,  in 
particular  cases,  the  excitability  bad  been  de- 
stroyed to  such  a  degree  by  the  paralysis,  that  it 
became  necessary  to  employ  a  pile  of  a  hundred 
and  fifty  layers,  to  produce  any  efFed. 

When  the  condndlors  are  brought  in  contad 
with  the  moistened  skin,  to  which  blistering 
plasters  have  been  previously  applied,  the  inva- 
nable,  and  somewhat  durable  effe£t  of  the  gal- 
vanic a£tion,  is  either  to  augment  the  secretion 
of  the  serosity  flowing  from  the  wounds,  or  to 
occasion  a  red  depression  of  the  skin,  which  is 
soon  followed  by  the  formation  of  an  eschar, 
without  any  discharge  of  blood  having  ensued. 

In 
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In  every  instance,  its  application  tends  to  excite 
the  vital  forces  in  a  very  considerable  degree,  ^nd 
to  augment  the  local  heat. 

In  proportion  to  the  sympathy  subsisting  be- 
tween the  nasal  nerve  and  the  optic  nerve,  with 
a  view  to  the  production  of  a  stimulus  on  the 
latter,  in  the  case  of  a  debility  of  sight,  as  well  ^ 
in  the  gutta  serena,  the  battery  is  disposed  ia 
$uch  a  way,  ^s  that  the  conductor  of  the  copper 
pole  m^y  be  brought  in  conta6t  with  the  mem- 
brane of  the  nostrils,  while  that  of  the  zinc  po}^ 
corresponds  with  a  moistened,  or  denudated,  part 
pf  the  skin  beneath  which  the  frontal  nerve 
passes.  It  should  be  noticed,  that  the  metallia 
lamina  by  which  one  of  the  condudlors  is  teripi* 
nated,  on  Ibeipg  applied  to  the  nasal  membrane, 
is  frequently  produdlive  of  an  almost  insupport- 
able sensation,  attended  by  excoriation*  Whea 
this  unpleasant  circumstance  occurs,  the  conduc- 
tor Qught  to  be  applied  to  the  upper  jaw,  near 
the  molares,  or  grinders.  In  doing  this,  how^ 
ever,  sp  acute  a  pain  is  sometimes  occasioned, 
that  it  becomes  necessary  to  apply  the  conduc- 
tor to  the  moistened  skin  of  the  cheek,  with 
which,  it  should  be  observed,  its  points  of  con- 
tact ought  to  b^  frequently  changed. 

The  safest  way  of  irritating  the  optic  nervc^ 
consists  in  plaping  the  button  by  which  the  con- 
du6lpr  of  the   copper  pple  is  terminated,  or, 

wliiqh 
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• 

which  18  8t31  better,  ihtttyf  the  cine  pole,  on  the^ 
eomefly  which,  conjointly  with  the  humoon  of 
the  eye,  ads  as  a  humid  and  coodo^Btag  sob- 
aiSuioe,  by  transmitting  the  irritation  to  the  retins 
itself.  It  is  true,  that  this  mode  of  t^ficatkm 
requires  every  possible  precaution^  aeong  that,  in 
consequence  of  the  very  violent  atimalua  it  pm- 
dnces  on  the  organ  of  ^h^  an  abundant  secre- 
tion of  tears  ensues,  accompanied  oecaaioDally  by 
much  redness  of  the  conjundive  tnnic^  as  wdl  iit 
by  an  insupportable  pain  of  the  ear.'  It  is  fie- 
quently  followed,  however,  by  Contta^tiQiia  of  did 
iris,  which  was  before  in  a  state  of  entire  immo-i 
faility.  '     •      -. ' 

In  the  diseases  of  the  organ  of  hearing,  if  it 
should  be  proposed  to  subjed  the  two  ears  to  thcf 
galvanic  a6tion,  the  extremity  of  each  of  the 
condu6lors  should  be  provided  with  a  metallic 
stem/ contained  in  a  -glass  tube,  the  bent  extre- 
mity of  which,  armed  with  a  button,  and  extend- 
ing beyond  that  of  the  tube,  should  be  covered 
with  linen,  and  introduced  into  the  meatus  audi- 
torius  on  either  side.  The  above  metallic  stems, 
or  rods,  thus  armed,  should  be  left  there  for  a 
few  minutes,  once  or  twice  daily,  taking  care  that 
the  condudlor  of  the  zinc  pole  should  correspond 
with  the  ear  which  is  the  dullest  of  hearing. 
The  acoustic  nerves  being  highly  irritable,  a  sen- 
sation of  sound  is  felt  to  a  greater  or  less  degree; 

In 
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in  sqrn^  cases.  t|i^irrlt?*ioijf;p5,tefld5  tft  tUOjOirt(ic 
n^rvB.iWelf.   ,,,,,   ;   ;,-.-,.  ....  .r  ,.,„;  _._,,[,.  j^^^,^' 

.  A'^Qtliei'TOethod  consists  in  applying  vesicato- 
'  jriua  behind  the  ears,  and  lajint^  over  the  wouncb 
mad^  hy  them  two  small  metallic  surfaces,  one 
of  zinc,  and  the  other  of  silver,  fastened  toge- 
ther by  a  chain  of  gold  and  silver.  These  pieces 
of  metal,  of  the  breadth  of  about  a  third  of  an 
inch,  should  be  secured  by  a  riblon,  and  left  on 
for  the  space  of  several  hours.  The  invariable 
effe<St  of  tliem  is  tp  prodnce  a  great  discharge  of 
serosity,  and  to  occasion,  on  the  zinc  side,  as 
<achar,  the  falling  off  of  which  is  to  be  hasteiied 
fiiy  appropriate  remedies,  to  the  end  tliat  a  similar 
,appli(Cation  may  be  iifterwards  made.  It  somc- 
•limes  happens  that  the  hearing  is  restored  during 
-.(he  time  the  pieces  of  metal  remain  on  tlie 
.VfQunds  made  by  the,  blistering  plasters.  Out- 
author  acknowledges,  however,  that  the  cfteft  is 
,rarely  durable.  ,      .        , 

^  Wlien  it  is  simply  intended  to  excite  tlie  gal- 
vanic adion  on  one  of  the  ears,  the  stem  adapted 
.to  the  conduitor,  as  it  has  been  described  above, 
should  be  fitted  on  that  side  only.  To  complete 
-the  chain,  it  will  be  sufficient  to  apply  the 
moistened  hand  to  the  other  pole  of  the  pile; 
)or  to  establish  a  correspondence  between  the 
second  conductor  and  a  vesicatory  laid  behind 
the  diseased  ear  ;  or,  which  is  still  better,  to  ap- 
,,     VOL.1.  pf  ply 
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)ply  the  tecohd  cdnda6ter,  prolrided  with  the 
stem  which  has  been  pointed  out^  behind  the 
'aoft  palate^  or  velum  pendulttm  pdlati^  -to  'the 
etisrachian  valve.  Thts'thode  of  application  tO'ti 
single  ear  is  the  in68t  poweifiil^  'tod  is,  itf  ffie 
same  ti'm'e^  not  attended  by  'any  inoonvenienee. 

In  the 'Employment  of  galvanisih  in  the  case  of 
a  paralysis  df  the  urinary  bladder,  the  c6ndu6tor 
of  the  zitic  pole  ought  to  be  introduced,*  in  ftaM, 
into  the*re6tum,ahd,  in'Woihien*  into  the  vagiirtt. 
That  of  the  other  pole  shoald'be  thade  to  coirei. 
'spond  with,  a  vesicatory  ijpplifetf  dvter  thfe  i^pitUi. 

In  hdaf ^tiesses,  in  cakies  6f  aphony  of  •  a  ionf^ 

I 

standing,  in  obstrui5lions  of  the  lymphatics,  M 
glandular  tumors  of  the  neck,  and  in  chrcmic 

rheumatisms,  an  application  is  made,  «ther  of 
the  simple  apparatus,  or  of  the  battery,  with  or 
without  vesicatories,  according  to  the  circum- 
stances. 

The  following  very  interesting  communication 
on  the  efficacy  of  a  galvanic  belt,  or  chain,  in  the 
treatment  of  a  fixed  pain  in  the  back  and  loins, 
was  addressed  to  Mr.  Tilloch,  the  learned  pro- 
prietor and  editor  of  the  Philosophical  Magazine, 
by  Mr.  RichaHdTeed,  jeweller,  in  Lancaster- 
court,  Strand*. 

The  writer  sets  out  by  observing,  that  he  had 


*  Phil.  Mag.  vol.  xii.  p.  105. 

"not 
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-not  then  (in  Feb.  1802)  found,  in  any  publica- 
tion on  galvanism,  that  a  material  benefit,  in  the 
-cure  of  diseases,  had  resulted  from  that  discovery. 
He  therefore  begs  to  submit  the  following  case  to 
'public  consideration,  with  the  hope  that  others, 
'  labouring  under  similar  complaints,  will  be  in- 
duced to  repeat  his  experiment,  so  as  to  derive 
'  from  it  as  effectual  a  relief  as  he  had  himself  ex- 
-  perienced.     He  proceeds  as  f  jIIows  : 
;       *'  For  a  considerable  time  past  I  had  been 
<  much  troubled  with  a  constant  pain  in  the  small  of 
..  my  back  and  loins,  which,  although  it  resembled 
■  the  lumbago,  was  scarcely  ever  so  violent.     I  was 
'  constantly  most  sensible  of  It  after  sitting  long  in 
-» reclined  or  writing  posture;  insomuch  that,  if 
3"I  arose  suddenly,  it  was  not  without  great  diffi- 
culty.    This   complaint  continued   for  eight,  or 
liten  months ;  and,  latterly,  with  increasing  incon- 

I  venience.  The  idea  of  a  galvanic  belt,  or  chain, 
'.  composed  of  zinc  and  copper,  liad  often  occurred 
■to  me,  and  I  waited  only  in  hopes  of  hearing  that 

•  it  had  been  successfully  applied  in  similar  cases  ; 
'but  the  experiments  of  scientitic  men  having 
;  taken  a  different  dire<5lion,  I  made  a  belt  con- 

•  sisting  of  fifteen  small  square  plates  of  zinc,  each 
of  them  connected  with  two  links  of  plated  cop- 

l-per  wire,  fastening  the  two  ends  with  a  common 

II  hook  and  e^e,  so  that  there  was  a  perfe^  chain, 
ot  circle,  of  metal,  round  my  body,  by  which  any 

pf2  inter- 
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interruption  of  the  dedlric  fluid  was  prevented. 
'  I  also  cbvercd  about  three  parts  of  tlie  chain  with 
.  leather^  Icainng  theircohainder  to  come  into  con- 
<Jta6l  with  the  part  where  Ifelt  the  most  pain. 
rl  h'sid  not  worn  thd  belt  twelve  hours  befbre.I 
-felt  a  ^nsible  relief;  and  the  pain  gradually  left 
me.     In  three  weeks  I  b^d  not  the  least  return, 
and,  after  having  worn  the  belt  three  monthfl,  I 
concludecl  that  it  had  answered  all  my  expefla- 
tions.     Bat,  to  place  the  experiment  beyond  the 
possibility  of  doubt,  I  discontinued  it^  and  had  no 
'  pain  whatever  in  my  back  for  two  months^  when^ 
'"  at  length,  I  perceived  tlie  pain  to  return  ooci* 
1  sionally.     I  had  again  recourse  to  the  belt,  and 
^aai  now  wearing  it.     As  occurred  in  the  first  in- 
stance,   it    has  removed  all  pain  from  the  part 
afFecfted  ;  and  I  feel  no  inconvenience  whatever. 
"  A  short  time  after  using  the  belt  I  obser\'ed 
a  considerable  oxydation  on  the  zinc,  which,  I 
suppose,  was  occasioned  by  the  perspirable  matter 
from  the  skin,  and  which,  I  conclude,  was  the 
medium,  or  exciting  jigent,  as  is  the  case  with 
the  diluted  nitric  acid  in  the  galvanic  pile.     By 
■  scraping  off  the  oxyd,  which   I   constantly  did 
'  once  in  three  or  four  days,  I  believe  the  efFeft 
became  greater. 

"  In  giving  you  this  phln,  but  circumstantial 

•  account,  I  trust  that  so  valuable  a  discovery  will 

not  be  slighted,  but  that  unprejudiced  persons 

will 
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f  wiU;  likewise  make  the  trial,;  and, I  particnlarljf 
recptnitnend  itto  ^he  attfntioatif  tho^ewho  have 
complaints  of  the  same  kind."   , 

,An  acTOuntisgivenby  Mr.  Spkrnpeb,  of  Jena, 
of, his 'method  of  administering  g;ilvanism  incases 
o^idfafpegs.  ,,  A  stnall  b^ll.is  applied  to  the  ex- 
teraplf.orificc  of  thp^ar^  and  a  iiit.|ph  larger, one  - 
is.l)fJ4  JR  |:f)e.p!j^ient's  hand.  The  comnmnicn- 
tion  is  then  formed  and  interrupted  alternately, 
by,,tiip'n)ciins  of  machinery,  onte  in,  every  *e- 
ccuid,  for  abuut  four  minutes  daily,  for  a  fortnight 
oriinprf.  He  asserts,  that  lie  has  thus  restoretj^ 
the  sense  of  liearing  to  forty-five  persons,  and  to 
fiJiOtt^Bf"  them  th^t.of.'smelling  also.  Those  wijo 
vrere- •completely,  deaf  experienced  relief,  with, 
scarcely  any  cxeeptioii ;  but  a  parli.il  deitfnes^.' 
did^iiot  appear  to  receive  the  same  beiu'Iit  The' 
ear  wa^  filled  with  wool,  to  prevent  the  patient 
from  taking  cold.  The  degree  of  benefit  ob- 
tained was  estimated  by  an  instrument  invented 
by  Professor  Wolfe,  in  which  a  hammer  f^illg 
from  a  cert.iin  point  of  a  quadrant,  so  as  to  strike 
an  elastic  plate  with  a  velocity  capable  of  a  pre- 
cise determination.  The  above  experiments  re- 
late to  so  important  a  subjecSt,  that  they  ought 
not  to  be  passed  over  without  notice,  however 
unprobable  it  may  appear  that  galvanism  slionld 
have  any  material  advantage  over  eledlricity  ex- 
cited by  the  common  means,  and  however  we 
K  f  3  may 
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may  be  disposed  to  believe  thfe  reports  maide  by 
other  observers,  that  the  relief  is  in- general  In- 
considerable, and  merely  temporary. 

Several  curious  experiments^  oh  the*  treatment 
of  diseases  by  the  means  of  gedvanism^  have  been 
recently  made  by  the  members  of  the  School  of 
Medicine  in  Paris.  The  following'  is  a  brief  state- 
ment  of  the  ond  which  appears  tO'l>e  ihost  ifite-  ^ 
rcisting.  ■  '• 

The  first  consideratiori'  was  the   apjpIicatioA 
of  the  efFefls  of  the  pile  of  Volta  to  the  animal 
economy ;  and  the  conclusions  which  were'<lrawA- 
were  to  this  effe& : 

1st,  That,  in  the  employmient  of  the  abdVe 
pile,  the  galvanic  influence  penetrates  and  afF6<5ls 
the  nervous  and  muscular  organs,  more  pro- 
foundly than  the  common  ele6h'ical  apparatus, 
the  latter  being  calculated  by  the  customary  mea- 
sure of  medical  eledlricity. 

2dly,  That  the  efFedls  of  the  pile  produce  pow- 
erful contradlions,  and  strong  sensations  of  prick- 
ing and  burning,  in  parts  which  are,  by  their 
diseased  state,  rendered  insensible  to-  sparks,  and 
even  to  ele6lrical  shocks. 

3d]y,  That  the  duration  of  thi^  a6lion  is  such, 
as  to  warrant  a  hope  that  an  eflScacious  excite- 
ment, capable  of  being  successfully  employed  in 
the  treatment  of  cases  of  paralysis,  may  be  found 
in  the  Voltaic  pile. 

In 
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,  '  In  thQ  application  o(  this  appiiratus  it  was 
likewise  obeeBveti,  that  the  eftetts  produced  ap- 
peared to  be  proportionate  to  the  ex,teDt  of  (h? 
poiiits  of  conta^  ;  insomuch  that  the  lOQst  ppWi 
<rful  excitation  ensued,  when  the  tommption  was 
effeifted  by  ihenieeting  of  the  conduiitors  ema: 
gating  from  the  galvanic  pile,  with  metallic  con- 
du^rs  fixed  oa  the  diseased  pait,  the  coptj^ft 
.  being  of  a  greater  or  less  extent.  ,   ' ,  , ,    t 

':  The  experiment  aJjove  aljuded  to  .was.  ^i^f 
under  the  immediate  diredlion  of  JvI.,HA^,e,  p 
•  very-  intelligent  naturalist,  w^hose  researches  on 
galvanism  we  have  had  several  times  occasion  ^p 
inotice.  We  give  the  relation  in  his  own  wordi; 
'*  A  man,  the  ♦'hole  of  whose  rtiyscl^s  on.t^ 
deft  side  of,  the  face  were  in  a  pfilsied  state,, ,yi 
Iconsequence  of  a  fioxion  brought  on  i?y  the 
,a<ftion  of  cold,  bad  beefl  elei^trified  sevtrij  tiflief , 
but  felt  neitlier  sensation  nor  contraction  when 
the  spark  was  diredled  to  the  aft'eclal  part.  Iii- 
'deed,  he  was  scarcely  sensible  of  a  slight  con- 
■  tra<3ion  in  the  great  zygomatic  muscle,  w,hen  the 
application  of  the  eletlricity  was  made  by  com- 
motion. This  individual  was  subjcdted  to  the 
galvanic  ai5lion  of  a  pile  construiSted  with  fifty 
metallic  plates  ;  and  a  communication  was  esta- 
,  blished  between  different  points  of  the  diseased 
-cheek,  and  the.  two  extremities  qf  the  pile,  by 
fi-tJie  meaDs  of  metallic  chains  and  exciters.  ,^t 
p  f  4  the 
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the  instant  of  contatft,  all' the -muscles  of  the  face 
became  contraAetli  Thd'patiefrttfelt  not  oriya 
pain,  bat  a^  very  disagreeabtfe  ie^ation  of  hidC; 

Tht  eye  was  convulsed  ;■  the  teartf  ^flo w^ 'inv^ 

■      ■ 

luntarily  ;  'and  a  pain  and 'Swell  ifi*^'eii^aed*aithl 
difFei-eht  points  tvhidi  had  been  tcJuch^d.-    ^''^'-^ 

Such  is  the  account  which  M.  HAixla:  giv^^ 
the  first  day's  treatment:     What'^'follows'ig  cx^ 
trailed  from   the  journal  of  the  <^$e,  a&itwai 
iceptf  By  M.  Tin txAvE,  one  of  the^  meniberi'  of 
'the Schobl -of  Medicme.   '    '         . t  .    .  •?  •   ».. 
^    A^  the  ci'id  of  thfe'  first*  galvftnitf  '^plication  it 
Hv.'is  remarked,  that  t^eredftesfettafe  mo »e  strongly 
■marked  thariwhen  eledricity^u^s?BmpIoyed';  and 
■this  *  redness  was  accompanied  by  a  very/ visible 
swelling,  wrth'a  slight  degree  of  pain,  and  an 
augmentation  of  the  discharge  bf  the  lachrjonal 
humour.    These  syn)ptoms  disappekred,  however, 
a  few  minutes  after. 

An  obs'CTvation  which  was  made  with  great 
pleasure  was,  that  the  contta6lion  was  not  of  so 
short  a  duration  as  the  one  which  resulted  from 
the  eledlrical  shock.  This  circumstance  inspired, 
both  in  the  patient,  and  in  those  by  whom  it  was 
treated,  a  hope  that,  provided  a  complete  cure 
should  not  be  efFe6ted,  the  case  would  be  miti- 
gated in  a  very  considerable  degree.  In  reality, 
after  having  continued  the  same  application  for 
some  time,  it  was  perceived  that  the  mouth  was 

not 
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inot  so  distorted  as  before,  and  titat  the  sightlof 
tbeeye  on  the  palsied  side,  was  mofe  jierfeiS;' 
^his  progress  tow;u"ds  r-etiovery  weDtou,  in  aaj 
KUgincntiiig  ratio,  until  the  coinmtaicemciit  of 
the  third  month,  the  nutnher  of  tlie  piec&s  of 
vhich  the  pile  was  composed,  liaving,  in  this  an- 
tral of  tiiae,  been  niiginunted  to  seventy:- five- 
The  phenomena  which  had  been  observed  oiir'tlw 
ilriit  application,  were  manifested  on  all  the' suc- 
cessive ones;  and  at  the  above  epoch  the  .mouth 
wasy  pretty- nearly  at  least,  in  its  natural  position, 
the.  discharge.of  thii  lachrymal  hunitrar  heing  nn 
the  saine  lime  very  trivial,  and  the  vision,  v&ry 
distinift.  The  musclesoi  the  right  side,  howevarj 
counterbalanced  thoi-e  of  t!ie  opposite  side  dur- 
ing theii-  repose  only  v  '"or  when  the  patient 
spofce,.  the  mouth  waa  drawn  to  the  right  side. 
/  Before'  we  proceed  .  fuElher,,  it  may  .ba  proper 
to  particularize  the  symptoms  of  this  .case,  when 
<he  galvanic  treatment  was  -  comraciwcd .  The 
Alpper  eye-lid  on  the  palsied  side,  the  left,  cotiJd 
not  be  depressed  below  thei.level  of  the  pupil. 
The  inferior  lid,  drawn  downwards,  and'  in  a 
manner  reversed,  displayed  the  conjuin^ivp  tunic 
hy  which  it  is  inlernally  covered.  The  tears 
were  no  longer  retained  by  the  eye-lids,  thus 
-separated  from  each  other,  and,  havings  ceased  to 
be  diredled  towards  the  lachrymal  orifices,  fell 
Kaantinually  on  the  cheek.  -        . 

•  The 
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The  lips,  which  had  taken  an  oblique  direftion, 
were  elevated  from  the  left  to  the  right ;  and 
this  distortion  was  augmented  whenever  the  pa- 
tient opened  liis  moutli  to  give  utterance  to  his 
words.  At  these  times  the  lower  lip  did  not 
withdraw  itself  from  the  upper  one,  to  afford  a 
passage  to  the  sounds  of  the  voice.  It  should 
be  added,  that  the  cellular  membrane,  both  of 
tilt  eyelids  and  of  the  check,  was  surcharged 
with  humours. 

,  The  complaint  having  been  neglet£ietl  for  seve- 
ral days,  the  conjimclive  tunic  was  become  vio- 
lently inflamed.  The  eye  was  painful ;  the  epi- 
phora, or  impetus  of  the  humours,  was  aug- 
mented, and  the  sight  obscured.  This  laltei 
effe<!;'t  was  to  be  entirely  ascribed  to  the  abundance 
of  the  tears.  The  eye-lashes  were  glued  together 
during  the  nighty  although  the  lids  did  not  touch 
each  other. 

From  the  above  symptoms  the  ultimate  effects 
of  the  galvanic  trials  will  be  best  ascertained. 
At  the  end  of  six  months,  when  the  treatment 
was  discontinued,  the  lower  ^'elid  had  ceased  to 
be  depressed,  and  was  free  from  excoriation. 
The  upper  lid,  however,  did  not  descend  suffi- 
ciently low  to  close  the  eye  completely,  insomuch 
that  there  was  a  small  spfice  of  about  two  lin 
between  the  lids.  There  was  scarcely  any  I 
rivation  of  the  humqurs;  and  the  mouth  uai 
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its  natural  situation.  It  sbould  be  added,  that 
a  considei'able  raeagreness.  of  the  afFciiled  si^c, 
prevented  adiie appreciation  of  thL'cliaiigeavihicli- 
bad  been  brought  about  in  the  condition  of  the 
patient,  who,  however,  found  himself  much  better. 
Throughout  the  whole  extent  of  the  part  affeded., 
he  felt  a  greater  sensibility  than  on  the  opposite 
side,  ■      ■  ...:.  'r  :  .„   ,.,-.. I^-j 

•  An  experiment,  in  whlda  the  same,  means  wsr^^ 
employed,  was  afterwards  made  on  a  yputh  of- 
aboitt  seventeen  or  eighteen  years  of  age,  who. 
had  rabouitd  under  a  slight  deafness  from  his  in- 
fancy upwards.  The  short  duration  of  the  time, 
however,  during  which  the  patient  was  treated, 
and  the  difficulty  of  justly  appreciating  the  sus- 
ceptibility of  an  ear  atjtded  by  a  slight  deafiiess, 
are  the  reasons  why  the  results  were  not  parti- 
cularly noticed.  ' 

Jn;  the  above  application  of  galvanism  to  the 
human  body,  M.Halle  remarked  several  very 
singular  anomaliefi.  The  pile  was  frequently  a 
long  time  in  communicating  its  effedf,  which, 
Yfi  Otlier  trials,  was  completely  interrupted  for 
the  space  of  several  seconds.  It  woukl  appear 
that,  in  both  these  cases,  the  g;iUanic  fluid  met 
with  some  obstacle  in  its  jirogress.  Under  these 
circumstances,  it  was  sufficient,  either  to  moisten 
the  chain,  to  rub  it,  or  to  change  the-respeflive 
pp^ition  of.  thc-ringSj  to  establish  the  comniuhi- 
^^z:  '"  "'caliari; 
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tcntion.  '  It  was  in  general  observed,  that,  with  a 
'^efrtolhe  speedy  producliim  of  the  sensation, 
it-was  ixH  simply  necessary  that  tlie  flcin  siiould 
be  moistened  with  water,  but  that  the  fluid  should 
have  been  made  to  jjenneate  JLs  pores,  until  it 
was  in  *  inanner  soaked.  M.  Hali-b  biinself,  u 
w^eltw  eevpra!  oilier  patsons  ,wlio  consented  to 
submit  to  the  experiment,  felt  the  kind  of  sen- 
sation which  galvajttBnii  produces.  -iJt  was,  m 
their' "Msc,  sarocwhat]  anaidgous  to  that  «hich 
would  have  l-esuhed  from  the  punctures  of  scvcrul 
pins,  if  thej"  had"bet*ii  forced  at  the.  same  time 
irtto 'the'skin.  When  the  exciting^  arcs  were 
applied  to  tliC' vicinity  of  the  salivary  .glands, 
a  sharp  pain  was  produced,  accompanied  by  a 
senfatiori  of  heat,  and  a  slight  degree  of  metallic 
savour. 

The  following  letter  was  recently  addressed, 
by  M.  OppKRMANN,  a  medical  student,  to  a  phy- 
sician of  Paris, 

*'  On  the  receipt  of  your  letter,  I  nourished 
a  hope  that  my  father,  provided  he  should  not 
recover  the  complete  use  of  the  parts  which  had 
been, attacked  by  paralysis,  would  at  least  recover 
his  speech,  as  I  proposed  to  have  a  Voltaic  pile 
construded  in  a  particular  manner*.     Having 


*  TUc  plates  of  zinc  were  soMtred  to  tbc  plalca  of  coppe 
after  the  introduflion  of  a  bit  of  clottbenvceii  each  of  tlieq 
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*TOri^e  trial  of  it  as  sofin.aa  (t.^HtSire^ly-,  I.oould 
not,  in  the  tii'st  instance,  perceive  that-it  pro- 
rduc^d  any  sensible  ciPiil:)  eilhet'on  the  palsied 
■^tiide  of  the  tongue,  or  on  any.  other  of  the  parts 
;afFei5led.  In  the  evening,  however,  after  having 
returned  the  pile  into  its  tin  case,  and  introduced 
the  latter  into  a  tub  ftlled  with  water,  I  placed 
:the  extremities  of  the  fingers  of  llie  palsied  arm 
in  the  fluid;  and,  by  the  means  of  a  silver  con- 
ductor, diredled  several  sparks  to  the  side  of  the 
tongue  which  was  not  affected  by  paraljsis.  At 
the  beginning  the  sparks  had  not  any  visible 
lefFedl;  but  on  being  repeated  for  some  time,  I 
r  was  quite  surprized  to  see  a  motion  in  the  palsied 
I  fingers,  at  the  same  time  that  the  tongue  with- 
drew itself  from  the  extremity  of  the  condui^or 
with  a  great  degree  of  celerity.  Being  em- 
boldened by  this  early  dawn  of  success,  I  applied 
the  point  of  the  conduiftor  to  the  palsied  side  of 
the  tongue.  It  was  some  time  before  I  could 
obtain  any  satisfat^lory  result;  but  at  length  that 
side  also  was  sensible  to  the  effedl  of  the  spaii^. 


Thq  upper  plate  was  provided,  in  the  centie,  witli  severn 
aecdlci  ot' copper,  and,  at  the  circumfcri:ncc,  wiih  m»u1I  >i5|)f 
ritiesof  ihe  same  metal.  This  comnvatice  appearcJ  lo  RI 
Oppekjunn  lobe  much  better  adapied  lo  tiiu  prudoilk.ii  o 
■parks,  and  con9fqueiit)y  lu  ihe  eftca  lie  wished  lo  prodtce 
n.tbao  if  tilt  ludacc  ut  ibK  upper  plate  bad  been  smooth. 


I 


I 
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at  the  same  tiitie  that  the  fing^ers  moved  re- 
peatedly. 

"  On   the  following  day,  having*  placed  t&e 

•  pile  in  the  water,  I  resumed  the  process.    My 

success  was  greater  than  that  by  which  the  firtt 

•experiment  was  attended.    The  muscles  of -tile 

'palsied  arm  contradled  pretty  forcibly';  andtbe 

tongue,  on  the  palsied  eide,  gave  evidences  thlt 

it  was  extremely  sensible  to -the  efie<ft  of  the 

machine.  .   .     *  .  j  . 

"  In  the  ewning  I  repeated  the- abave  experi- 
ment, which  I  afterwards  tried  6n  the  foot  of  the 
•palsied  inferior  extrieoiity.  For^  this  purpose 'I 
placed  it  in  the  water  contained*  in  the  tub;  aad 
by  the  means  of  a  conda<9:6r  of  i^bn,  estabKsbcd 
a  communication  between  the  pile  and  the  tongue. 
This  experiment  succeeded  perfe<5lly  well. 

"  On  the  third  day  I  came  to^  resolution  to 
produce  contractions  in  the  mittiiles  of  the  face, 
on  the  side  affected  by  paralysis.  To  accomplish 
this,  I  placed  the  point  of  the  cohdil<3or  on  the 
parts  of  the  face  corresponding- with  the  facial, 
iufra-orbital,  and  inferior  maxillary  nerves.  This 
experiment  was  attended  by  all  the  success  I  ex- 
pefled  to  reap  from  it,  the  muscles  contra6ling  so 
forcibly  as  to  cause  a  considerable,  degree  of  pain. 

^'  I  afterwards  varied  the  experiment,  by  ap- 
pnying  the  extremity  of  the  condudlor  to  ulcers 
made  by  vesiCatories  which  had  been  laid  on  the 

parts 
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■parts  afFeded.     In  this  instance  I  was  likewise 

Tery  successful.  Since  I  had  begun  my  galvanic 
experiments,  I  had  occasion  to  remark,  that  the 
ulcers  made  by  vesicatories  applied  to  the  hands 
and  feet,  suppurated  extremely  well  ;  and  that  it 
was  not  necessary  to  stimulate  them,  as  before, 

'by  the  application  of  fresh  cantharides. 

"  On  the  fourth  and  fifth  days  I  continued  my 

experiments,  with  a  nearly  similar  eftbc^.  How- 
ever successful  they  may  have  been  at  the  mo- 
ment, I  dared  not  conclude  that  those  which  I 
should  make  in  the  sequel,  would  be  sufficiently 

*efficacious  to  subdue  the  disease,  either  wholly, 

*or  in  part,  because  its  attack  had  been  extremely 

t^iolent.  I  had,  besides,  occasion  to  notice,  that 
as  soon  as  the  experiments  were  discontinued, 
the  palsied  parts  returned  to  the  state  in  which 
they  had  been  before  the  galvanic  application  was 
made,  and  were  incapnble  of  any  movement. 
With  respefl  to  the  tongue  I  had  been  very  san- 

"  guine  ;  but  I  could  not  find  that  I  had  hitherto 
gained  any  advantage  on  that  score, 

"  However,  on  the  sixth  day  I  resumed  my 

■  experiments,  which  J  continued,  without  any 
interruption,  for  the  space  of  a  fortnight  longer. 
My  patient  felt  the  most  acute  pains,  when  the 
'•^oint  of  the  conduflor  was  brought  in  conta(5l 

'with  the  ulcers  made  by  the  blisteiing  plasters. 
"Wn  this  ease,  a  violent  contraiition  was  produced 


— ^^g^ 
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in  the  muscles,  at  the  same  tiiTic  that  the  lower 
limb   was   raised.     This  phenomjenon  was  like- 
wise displayed,  whenever  the  pK>int  of  the  con- 
doctor  was  applied  to  the  facial  nerve,  while  the 
.'hand  was  beneath  the  water. 
.     "  In   general,   the  sensibility  returned  to  its 
natural  state.     I  do  not  wish  to  deny  but  that 
it. may  have  been  exalted  in  an  inconsiderable  de- 
.gree.    The  muscles  have  gained  on  the  score  of 
.  contraclibility ;  but  in  the  inferior  extremity  only. 
]U  is  certain  that  the  patient  moves    the  limb 

•  with  greater  facility.    He  begins  to  support  him- 
.  ^ejlf  on  his  feet ;  and  I  have  reason  to  hope,  that 

a.  well  combined  usage  of  tl>e  nevjrly  discovered 
principle  of  galvanism,  jnay  contribute  to  restore 
a  part  of  its  motion  to  the  palsied  arm." 

^^  It  is  necessary  that  I  should  inform  you,  in 
:  this  place,  that  at  the  commencement  of  the  at- 
.  tack,  the  mouth  was  absolutely  distorted,  the 
.  tougue  being  at  the  same  time  drawn  towards 
ui\\e  left  commissure  of  the  lips,  and  the  right 
=  idc  of  the  face  flaccid,  and  destitute  of  feeling. 
iSii^ce  the  experiments  have  been  made,  the  face 

•  I.ias  resumed  its  natural  state,  the  tongue  its  ordi- 
;ii:iry  f)osition,    and  the  patient  has  articulated  a 

j      *'  I   shall  conclude  my  letter  by  the  remark, 

.  tliat  the  copper  employed  in  my  pile  was  greatly 

o.vdated;  and  shall  likewise  observe^  that  the 

galvanic 
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galvanic  effefls  were  invariably  in  an  inverse 
ratio  to  the  amoLint  of  the  oxydation.  Accord- 
ingly, after  having,  each  night,  dis-oxydated  my 
plates  with  an  alkaline  ley,  the  commotions  were 
more  powerful  the  next  morning  than  tliey  had 
been  on  the  evening's  application. 

"  The  water  in  which  thecoUitnn  was  plunged 
was  in  the  first  instance  pure,  but  was  afterwards 
saturated  with  muriate  of  soda,  and,  finaliv,  with 
the  muriate  of  ammonia.  The  galvanic  efFedts 
were  more  sensible  in  the  latter  case  than  when 
the  muriate  of  soda  was  employed,  at  the  same 
"time  that  this  substance  had  an  evident  advan- 
tage over  pure  water." 

The  details  contained  in  the  above  letter,  re- 
lative to  the  treatment  of  paralysis  by  the  gal- 
vanic pile,  arc  both  curious  and  satisfadlory. 
We  shall  now  extrad  the  substance  of  a  report, 
made  by  a  very  accurate  observer,  Vassalli- 
£andi,  on  the  a£tion  of  galvanism,  and  on  the 
application  of  this  fluid,  and  of  eledlricity,  to 
medicine. 

Our  naturalist  commences  by  observing,  that 
the  above  fluids,  and  the  uses  to  which  they  may 
be  applied,  having  become  a  common  topic  of 
conversation  among  well  informed  persons,  and, 
as  constantly  happens  with  new  discoveries,  their 
advantages  having  been  exaggerated  by  some,  and 
questioned  by  others,  he  had  been  called  op  by 

Tot.  I.  G  g  an 
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ao  associate,  M.  Bossg,  to  resolve  two  que«tii}B4 
on  this  subje^.     His  reply  to  this  invitauonit 

,  as  follows*; 

'  You  asked  me,  in  one  of  our  late  scadmic 

\  fittings,  why,  after  so  many  experiments,  mule 
by  the  first  philosophers  of  the  last  century,  on 
ihe  eledlric  fluid,  such  a  variety  of  opinions  ii 
entertained  in  regard  to  its  medical  atftionontbe  I 
I  Auman  body;  and  whether  galvanism  seems tl-  ' 
feady  to  promise  results  more  useful  to  the  heiJ- 
ing  art.  I  shall  here  give  you  my  opiniou  on 
these  questions,  or  rather  submit   to  you  the  in- 

,  dudlions  which  different  experiments,  made  by 
myself,  or  at  which  I  was  present,  gave  me  rea- 
•on  to  deduce  with  more  certainty  than  I  durst 
Tentiire  to  hope  when  I  began  to  pay  a  saious 

,  attention  to  this  objecl. 

*'  I  consider  galvanism  as  a  modification  of 
eleflricity — -a.   modification   which    renders  tiii 

.  fluid  more  atSive  ;  as  the  small  flame  separated  i)j 

t  the  blow-pipe  is  far  more  ardent  than  the  hti^ 
one  from  which  it  is  taken.  I  have  read  to  the 
class-^,  several  experiments  which  seem  to  sup- 
port this  comparison  between  electricity  and  gal- 

.  Vanism.     Animals  which  were  only  stuimed  by 

.  the  strongest  sparks  from  a  magic  piifture,  ivers 


*  Pliilosophical  Magazine,  vol.  xv.  p.  330, 

f  Of  esaa  Bciences  of  the  Aoadcmy  of  Tni-in, 


JL^PLlCATIOlf  OF  GALVANISM  TO  M£DICIN£. 

killed  in  less  than  three  minutes  by  a  very  vfesk 
degree  of  galvanism. 

"  The  fluid  of  a  pile  composed  of  25  plates  c^ 
silver  and  zinc,  of  the  size  of  a  crown-piece,  inten- 
mixed  with  pieces  of  pasteboard  moistened  in 
-water  saturated  with  muriate  of  ammonia,  oxy- 
clates  the  metals  in  decomposing  the  water,  while 
it  is  scarcely  sensible  in  the  fingers,  and  gives  only 
■small  sparks.  The  brilliant  ele6lric  sparks  whic^ 
excite  in  our  bodies  a  strong  sensation  of  prick*. 
ing,  neither  oxydate  the  metals,  nor  decompose 
the  water,  if  they  do  not  communicate  a  shock. 
'Having  made  the  galvanic  current  to  pass  through 
the  body  of  a  frog,  its  fluids  were  decomposed, 
and  I  saw  it  swell  up  so  much,  that  it  could  no 
longer  plunge  into  the  water,  though  possessed 
of  great  vitality,  which  I  never  observed  to  be 
the  case  in  frogs  when  tormented  by  strong 
eledric  sparks.  All  these  fadls,  to  which  many 
more  of  a  similar  kind  might  be  added,  confirm 
the  great  adlivity  of  galvanism  when  compared 
with  eledlricity.     Hence  it  results,  that  the  fluid 

N 

of  the  Voltaic  pile  may  be  very  useful  in  cases  in 
which  common  ele6tricity  would  not  have  suffi- 
cient activity.  You  are  acquainted  with  some 
of  the  experiments  which  I  made  in  conjun6lion 
with  my  colleagues  Giulio  and  Rossi :  we  made 
others,  still  more  interesting,  which  have  deter- 
mined several  physiological  fadts,  before  doubt- 

G  g  2  ful 
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fid  fi>r  want  of  being  verified.  ViTe  then  tried  at 
application  of  it  in  several  diseaaes  with  die 
greatest  success.  Three  of  the  caaea  are  as  fid- 
low  : 

.  '^  Alady,  about  thirty  years  of  age,  after  severe 
pains  in  the  head,  lost  the  sight  of  the  right  eyei 
M.  Rossi  being  consulted  in  regard  to  this  ma- 
lady, after  a  dose  examination  of  the  eye,  which 
^ipeared  to  be  as  sound,  and  to  look  as  well  ai 
.  the  left,  concluded  that  it  must  ariae  from  a  pslsf 
of  the  optic  nerve,  or  what  is  called  a  guiiaserenai 
which  suffered  the  patient  to  see  only,  aa  it  wer^ 
through  a  thick  mist.  What  increased  her 
misfortune  was,  that  it  deranged  the  sight  of  the 
other  eye,  so  that  she  was  always  afraid  of  falliog^ 
not  being  able  to  distinguish  well  with  the  right 
eye  the  obje<!^8  which  she  handled.  Rossi  being 
sick,  sent  her  to  me,  that  I  might  make  an  appli- 
cation of  galvanism.  I  formed  a  pile  of  thirty 
pairs  of  plates,  like  those  already  mentioned,  and, 
employing  gold  wire  as  condu£lora,  I  caused  the 
galvanic  current  to  enter  near  the  exterior  angle 
of  the  eye,  and  to  issue  sometimes  at  the  eye- 
brow, sometimes  by  the  ophthalmic  branch  which 
passes  through  the  orbital  foramen,  and  some- 
times near  the  interior  angle  of  the  same  eye. 
The  operation  was  very  painful ;  it  caused  abund- 
ance of  tears  to  flow ;  but,  after  successive  gal- 
vanic shocks  for  half  an  hour^  the  eye  began  to 

see 
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3ee  a  little  better.  That  I  might  not  fatigue  my 
patient  too  muchj  and  that  Nature  might  have 
time  to  a&,  the  operation  was  suspended  till  the 
evening,  when  it  was  repeated  for  half  an  hour. 
The  next  day  the  eye  began  to  distinguish  the 
figure  of  bodies.  Having  repeated  the  operation 
for  three  days  following,  the  lady  was  not  only 
able  to  distinguish  the  figure  of  bodies,  and 
people's  features,  but  also  the  pupils  of  their  eyes. 
Before  this  operation,  in  consequence  of  a  con^ 
sultation  with  Dr.  John  Baptist  Anfobini,  first 
physician  of  the  Hospital  of  la  Charite,  I  had 
galvanized  a  young  woman,  twenty-seven  years 
of  age,  of  a  melancholy  temperament,  who,  after 
some  slight  attacks,  had  a  hemiplegia  of  the  right 
side,  which  afFedled  in  particular  the  arm,  the 
cheek,  and  the  eye.  The  other  symptoms  were 
removed  by  bleeding  and  the  use  of  the  remedies 
usual  in  such  cases;  but  the  eye  always  remained 
fixed,  with  pains  in  the  muscles.  The  applica- 
tion of  galvanism  for  ten  minutes  was  sufficient 
to  excite  abundant  tears,  and  a  discharge  of  a 
watery  fluid  from  the  nose,  on  the  side  which 
had  always  been  shut  since  the  attack  of  the  dis- 
order, at  the  same  time  that  it  greatly  alleviated 
the  pains  of  the  muscles.  She  could  even  turn 
her  eye  to  both  sides  ;  but  she  found  great  diffi- 
culty in  raising  or  lowering  it,  with  a  sensation 
pf  heaviness  all  around  the  eye.  This  operation 
G  g  3  being 
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being  repeated,  after  the  interval  of  a  day,  the  eye 
acquired  it8  former  freedom  of  inotion,  and  the 
putient  was  freed  from  eveiy  senaatiort  €^  unean-^ 
neas* 

^/'  These  two  operations  were  pdrfoemeA  in  the 
pnsence  of  several  persons,  »nd  exec^Aedi  afanost* 
entirely  by  M^Htacinth  CABfSBBTA,  ledbrer  oaim* 
tfand  philosophy  in  the  National  College  of  Turiu 

.'^^.  The  advaiifcagea  of  galvanism  will  appear  to 
yon  still  mote  decisive^  fay  the  cmre  of  a  persoa 
llbotiring  under  hydrofkhobia,  perSormed  latdf 
l^.  M«  R08SI9  Who  will  gvre  a  fuB  and  ooin|Jete 
acacount  <^  it*  in  a  memoir,  on  wMch  he  iis  noir 
employed. 

::f^  A  man,  bit  in  the  finger  byamad  dog,  came 
t0xonsult  him,  in  consequence  of  a  pain  which 
he  felt  in  the  arm,  the  back,  and  particularly  the 
finger,  which  had  been  bitten  more  than  a  month. 
A  caustic  applied  to  the  finger  removed  the  pain; 
but  a  few  days  after  it  returned,  acconnpanied 
with  symptoms  of  hydrophobia.  The  patient 
could  no  longer  look  at  water  without  horror ; 
an  inflammation,  in  the  throat  prevented  him 
from  swallowing  even  chewed  bread  ;  and  he 
experienced  a  strong  propensity  to  bite  those 
around  him. 

"  In  this  state  he  was  brought  to  M.  Rossi, 
who,  observing  that  he  could  not  bear  the  sight 
of  water^  nojr  that  even  of  shining  bodies^  prq-. 

vided 
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vided  in  another  room  a  pile  consisting  of  50 
pairs  of  plates  of  silver  and  zinc,  intermixed  with 
50  pieces  of  pasteboard  moistened  with  a  solution 
of  muriate  of  ammonia.  He  employed  slips  of 
brown  paper,  moistened,  as  a  conduftorj  on  which 
the  naked  feet  of  the  patient  were  placed,  and  at 
tfie  moment  when  he  opened  his  mouth  to  bite; 
one  end  of  the  arc  was  thrust  into  it,  while  the 
othef  communicated  with  the  pile.  The  patient 
suffered  a  gtt:nt  deal  from  this  operation,  whichy 
after  several  shocks,  weakened  him  so  much  that 
he  couid  no  longer  support  it.  Being  stretched 
fiiif  on  the  floor,  ht  was  then  galvanized  with 
ease :  the  operation  made  the  sweat  riin  from 
him  in  drops.  After  some  time  Rossi  caused  the 
patient  to  be  conveyed  home,  and  gave  orders 
that  he  snoiild  be  brought  back  next  day,  to  thi 
end  that  the  operation  might  be  repeated.  It 
was  two  o'clock  in  the  afternoon  when  the  patient 
was  galvanized,  and  at  sis  next  morning  he  came 
to  Rossi  himself,  to  tell  him  that  he  was  com. 
pletely  cured,  as  he  experienced  no  pain  or  diffi- 
culty of  swallowing,  and  was  entirely  freed  fi-orri 
his  aversion  to  water  and  to  liquids  :  no  persua- 
sion, however,  could  induce  him  to  submit  to  ji 
new  operation. 

"  But  a  few  days  after,  some  slight  pains  iiaving 
given  him  reason  to  apprehend  a  new  attack  of 
hydrophobia,  he  returned  to  Rossi,  who,  by  re- 
f  "  ■  ^  Gg-1  peating 
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peatiog  the  .operatkn,  made  dl  the  sympbom^ 
dfiaappear.  .  Thb  core.,  was  ebp  eflfeded  in  the 
jnresedce  of  aeicral.  pmam^^.Tbe  patient  im 
(endowed  with-ao  great  semlibaity, :  that,  for  nic»e 
than  a]npnth..after».  he^felt  iaMlMi  ahoulcten  a 
ienaation^of  fUie  galYanifi:($IuK^%  which  I  expe- 
rienced  onlx/aa  far  as  thejit^cnUitipn  of  the  fin- 
ger,  thoiigh:I;am.noton«;efoAe.letf8t  $ensiUe. 
You  a^e  li^'  theae  ti!iala>  ;wliat  »rl  the  advantages 
iprhich .  m^y.^:  hcqpedi  Ihr  from  galTanism.  I  eor 
tertain.no! doubt  tbatii^.meanfao.  a^ye  may  ff^ 
aerve  from -the,  griMe.mpysiiidivi^  by  gal- 

vanizmg.tbeaiat  the  moipj^ntf  wbeQ  the  play  of  the 
vital  organs  ia  suspieDded  by  an  accidental  cause. 

^^  Thifi  «{ill  hecaina  more  evident  by  an  expla* 
nation  of  the  medical  a<£Hon  of  ele<9ricity  on  the 
human  body. 

"  Several  celebrated  writers  have  classed  elec* 
tricity  among  those  remedies  which  are  most 
certain  and  most  adlive  ;  others  have  shewn  the 
inutility,  and  even  danger,  of  this  fluids  consi- 
dered as  a  remedy ;  and  both  seem  to  be  sup- 
ported by  well  attested  fadls. 

"  Nothing,  however,  can  be  more  easily  ex- 
plained than  this  apparent  incongruity,  if  we  re- 
fle6t,  that  most  of  those  who  have  applied  elec- 
tricity to  medicine  have  been  guided  by  quackery, 
without  consulting  the  nature  of  the  disease,  or 
of  the  agent  which  they  employed.     For  this 

/  reasba 
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reason  I  stated  in  the  memoir  which  is  about  to 
appear  in  the  Transa^^lions  of  the  AcaJemy  *, 
that  the  greatest  circumspetElion  should  he  oh- 
KTved  in  the  use  cf  galvanism,  which,  hke  elec- 
tricity, may  be  attended  with  bad  consequences  ; 
«nd  I  even  advanced,  that  the  latter,  though  a 
verj'  good  remedy  of  itself,  has  tlone  more  hurt 
than  goad,  hy  impro[>er  application. 

*•  I  shall  not  here  spcik  of  the  chemical  pro- 
perties which,  during  the  enthusiasm  of  noveUy, 
have  been  ascribed  to  ele<5tricity,  such  as  that 
of  transfusing  into  the  human  body  the  aiHion  of 
^medies  inclosed  in  glass  tubes,  by  rubbing  it 
with  them. 

"  It  is  well  known  that  it  is  the  fate  of  new 
discoveries  to  be  exaggerated,  so  that  their  ad- 
versaries easily  find  reasons  to  oppose  them.  But 
after  some  time  things  come  to  their  proper  level ; 
and  being  established  on  a  more  complete  know- 
ledge of  the  agent,  those  well  acquainted  with 
the  properties  of  tleilriclty  are  able  to  distinguish 
the  eases  in  which  it  may  be  administered  with 
advantiige,  from  those  in  which  it  would  be  pre- 
judicial. Of  ten  patients  aiFedled  with  the  same 
disease,  who  undergo  the  same  elet^tric  treat- 
ment, five  may  be  entirely  cured,  and  the  other 
five  be  exceedingly  ill. 

•  Of  TttTin. 


I 


45*  Art^fiieitifiW  dp  &MLViaiigig-i»ietmemi^ 

^^  Th68e  who  Hre  cttfed  eatfol  eldiSMdty  aft  ftd 
best  of  remedies ;  Whik  those  who  iitfte  suffered^ 
81^  that  it  only  aggfavates  the  evil.  Boili  Apeak 
from  eorreA  expenenbS,  find  at  the  saine  tiaM 
l(^t  and  WfOng,  trtm  afilemptitig  tod  mvtdti  to 
geAeralise;  that  i8>  becafikte  they  ckir  fiot  di6fifi<' 
galAi  the  cunse  of  the  dideaae  whkih  re<|oifes  ot 
opposes  the  a^icati<M  of  de£krioiCy .  ThYid  &d 
tune  {Mnn^  the  aciatiea  *  for  exaaiiipIiB^  m^  be 
•6casioned  eScher  by  a  MagMtion  of  the  Hmdl 
by  their  too  great  abcmdaMce^  or  hf  the  waM  d 
W-aaion  in  the*  solids:  it  fnlty  aHse  dab  fiUA 
M-ganie  diefeAs ;  aft  altemtiitm  of  thi^  fltendfe;  i 
poisonous^  or^  as  it  is  called^  acrid  prifi€:ip3e ;  at 
llt^m  a^  pectdiaf  virus  in  tbi  Auidfet. 

^  The  five  patients  whb  labour  under  a  stagtta^ 
tion  of  the  fluids^  receive  the  greatest  relief  froni 
eleAricity,  which  puts  them  in  motion  ;  the 
other  five,  tormented  by  sciatica  occasioned  by 
vitiated  humours,  will  grow  worse  under  eleSric 
treatment,  which  will  increase  the  acridity  of  the 
humours,  carrying  off  a  part  of  the  water  which 
kept  the  poison  diluted.     This  theory   of  the 

cffeAs  of  eletSlricity  in  the  human  body  is  founded 

•-  — 

*  Dr.  Balbis  ob»enred  to  me,  that  sciatica  of  eveiy  kiod  ma^ 
be  accounted  for  without  recurring  to  the  hypothetic  altetratioa 
of  the  fluids.  I  replied,  that  I  wished  only  to  compare,  my 
theory  with  the  principal  theories  of  sciatica^  without  concern- 
iog  mytelif  with  thdr  prob^bHity.  '* 

on 
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on  the  nature  of  this  fluid,  and  on  its  properties, 
established  by  numerous  experiments.  The  elec- 
tric fluid  tends  always  to  put  itself  into  a  state 
of  eqnilibrivim,  and  this  tendency  is  ao  strong, 
that  it  penetrates  to  a  certain  distance  in  the  air, 
and  extends  along  idio-eleciric  bodies.  It  is  this 
tendency  which  causes  water,  when  oleftrified,  to 
flow  frofn  capillary  syphons,  whereas  a  ^ery  few 
drops  only  flow  without  thiscleclrizatioa.  It  is  by^ 
the  same  tendency  that  the  eleiilric  spark,  when 
it  passes  from  one  conducing  body  to  another, 
by  non-condu6ling  substances,  carries  with  it,  in 
its  passage,  conducting  particles  which  serve  it. 
as  a  vehicle,  if  the  solidity  of  the  bodies  does 
not  oppose  a  very  strong  resistance.  This  pro- 
perty, proved  by  the  common  efl^efls  of  thunder, 
and  by  several  esperiments,  serves  to  account 
for  the  great  evaporation  of  eleflrified  liquids, 
and  for  the  greater  perspiration  of  animals  and 
Vegetables  which  have  been  eledrificd.  It  is  then 
evident,  that,  whenever  a  stagnation  of  the  fluids 
takes  place,  if  other  symptoms  do  not  oppose  it, 
eleflricity  will  be  a  good  remedy ;  on  the  other 
hand,  if  the  disease  arises  from  vitiated  fluids,  or 
a  virus  diluted  in  them,  eledricity  in  this  case, 
either  by  the  evaporation  of  the  diluting  fluid, 
or  by  the  greater  alteration  it  may  produce,  will' 
be  hurtful.  From  what  has  been  said,  it  is  evi- 
dent 
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dent  that  elcftricity  and  galvanism  ought  to  be 
employed  with  the  greatest  circumspet^ion,  and 
that  the  nature  of  the  disease  ought  to  be  com- 
pared with  the  nature  and  properties  of  these 
fluids,  to  ascertain  whether  the  application  of 
them  is  proper  or  not.  It  is  to  be  observed  also, 
that  this  remedy,  in  consequence  of  its  atSiivity, 
may  be  dangerous,  like  all  other  remedies,  how- 
ever good,  if  abused. 

"  I  could  adduce  several  instances  of  misfor- 
tunes occasiuned  by  the  abuse  of  eleiflrization, 
even  in  cases  in  which,  a  little  time  before,  it  had 
been  indicated  j  but  I  shall  mention  only  one  hOi 
in  regard  to  galvanism : — A  young  woman  was 
cured  by  galvanism  of  pains  which  she  experi- 
enced in  the  muscles  of  the  face.  After  the  cure, 
having  continued  to  galvanize  herself,  she  did 
hurt,  which  increased  xvith  the  application  of  the 
galvanism,  and  did  not  cease  till  she  abandoned 
herself  entirely  to  the  powers  of  nature  assisted 
by  good  nourishment.  The  patient,  then,  who 
is  incapable  of  forming  a  proper  opinion  respe^- 
ing  the  state  of  his  health,  should  consult  a  good 
physician,  one  of  those  who  do  not  despise  na- 
tural philosophy  and  the  new  discoveries,  in  order 
that  he  may  never  suffer  by  the  application  of 
electricity  or  of  galvanism,  which,  as  Boebhaavb 
says  of  another  very  active  remedy,  Alira  pr<F~, 
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3tat  in  multis  incurabtlihus  ;  at  prudenler  a  prti- 
denti  medico  abstine  si  methodtim  nescis'*." 

The  following  observations  on  the  danger  of 
galvanism  in  the  treatment  of  diseases,  by  M. 
Desmortiers,  were  lately  read  before  one  of  the 
learned  societies  of  Paris. 

"  Scarcely  (observes  the  author)  do  we  know 
how  to  construdl  the  galvanic  apparatus,  at  the 
same  time  that  we  are  still  ignorant  of  the  na- 
ture of  this  extraordinary  agent,  than  we  intro- 
duce it  rashly  into  the  animal  system,  without 
foreseeing  the  disorders  of  which  It  may  be  pro- 
duftive,  and,  consequently,  without  being  ac- 
quainted with  the  means  of  applying  a  remedy 
io  them.  It  is  known  that  galvanism  has  the 
faculty  of  promptly  reducing  to  a  gelatinous 
state  the  muscular  and  tendinous  parts  ;  and  that 
It  decomposes,  with  a  singular  energy,  the  ani- 
mal fluids.  Those  who  subjeiSl  themselves  to  its 
action,  when  it  is  either  forcible,  or  prolonged 
to  a  certain  extent,  feel  different  indispositions, 
more  or  less  violent,  or  of  a  longer  or  shorter 
duration,  according  to  the  ditterences  of  the 
temperament.  It  would  therefore  be  prudent,  be- 
fore an  application  be  made  of  it  to  the  living 
body,  to  endeavour  to  ascertain,  by  dire^l  ex- 
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pcriments,  what  changes  it  maj  occasion  in  the 
different  principles  of  life.'* 
.  This  inquiry  has  been  followed  up  by  M.  Des- 
ifORTiERS,  by  particalar  experiments  on  uriQe, 
Hud  on  the  bile.  He  observes  that,  in  propor-* 
tion  as  the  fluids  subjedled  to  galvanism  are  more 
compounded,  the  more  considerable  are  the  ac- 
tion and  re-a6iion  of  their  principles  on  metals^ 
and  of  the  laitter  on  the  fluids  themselves.  Thus^ 
salt  water  possesses  a  grater  energy  than  pure 
Water,  urine  than  salt  water,  and  the  bile,  again, 
than  urine.  The  disengagement  of  the  gaseoos 
fluid,  in  the  case  of  the  bile,  is  made  with  such 
H  rapidity,  that  it  darts  out  at  intervals,  in  the 
form  of  the  train  of  a  firework,  and .  presents  td 
the  eye  a  series  of  elongated  corpuscles,  which 
appear  to  be  of  a  fibrous  nature,  as  belonging 
to  the  mucous  bodies  amassed  in  a  large  quan- 
tity in  the  bilious  secretion.  As  the  latter  ads 
powerfully  on  the  metals,  the  process  is  attended 
by  a  very  abundant  precipitate,  which  the  author 
describes  with  great  precision,  together  with  the 
changes  which  ensue  on  its  being  subjecSled  to 
the  a6tion  of  the  blow-pipe. 

Galvanism  changes  the  weight  and  colour  of 
animal  fluids,  according  to  the  extremity  of  the 
pile  with  which  they  are  made  to  communicate. 
On  this  head  our  author  proposes  to  continue  his 
researches  ;  and,  in  the  mean  time,  he  makes  aii 
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observation,  relative  to  the  employment  of  gal* 
yanism,  which  it  is  essential  to  cite.  He  inforroi^ 
VIS  that,  having  on  two  occasions  applied  to  his 
own  ten^ples  the  g^lv^nic  condadlors,  he  felt  two 
powerful  commotions,  each  of  them  preceded 
by  a  very  strong  flash  of  light.  But  this  is  not 
jkhe  most  important  part  of  the  detail.  *^  After 
the  ftbpve  shocks  (he  observes),  I  perceived  that 
iny  ^yes,  which  are  habitually  very  weak,  and  ia 
which  I  almost  constantly  feel  a  sensation  of 
heat,  and  a  darting  and  acute  pain,  were  en* 
tirely  free  from  these  unpleasant  symptom^.  Thi$ 
kind  of  sudden  cure  was  not,  however,  lasting, 
And  was  sopn  followed  by  a  degree  of  giddiness, 
and  a  ^ight  pain  in  the  head,  which  did  not  gQ 
DfF  till  the  evening." 

.  The  above  fadl  is  cited  by  M.  Desmortiers, 
to  prove  the  danger  pf  galvanism  in  its  appU-» 
cation  to  diseases ;  but  as  it  is  unaccompanied 
by  the  necessary  details  relative  to  the  mode  m 
which  the  application  was  made,  and  as  the  slight 
inconveniences  he  felt  may  have  arisen  from  a 
particular  cause  pf  which  he  was  not  himself 
aware,  his  case  can  scarcely  be  deemed  an  autho-i- 
rity  against  the  curative  mean  proposed,  in  tho 
treatment  of  particular  ophthalmic  diseases  by 
galvanism. 

In  a  communication  subsequently  made,  Ije 
states  that  he  had  subjeded  the  urinary  calculus 
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to  the  galvanic  a^on.  A  round,  and  very  hari 
particle  of  gravel,  weighing  one  ^rsun,  was  to- 
tally dissolved  in  the  space  of  twenty-four  hoars. 
Within  th|^  same  time,  a  fragment  of  calculiii^ 
weighing  five  grains,  and  of  a  very  hard  texture^ 
had  lost  about  the  fifth  part  of  its  weight. 

To  conclude  by  a  recapitulation  of  the  efiedi 
of  the  new  curative  mean^  derived  from  the  appli* 
eation  of  galvaniAn.    From  what  has  been  U* 
iherto  said  on  this  subjedit,  it  cannot  but  be  so- 
knowledged  that  the  results  of  this  appliatfioD^ 
in  the  treatment  of  diseases^  havemot  been  atto* 
gether  conclusive  in  favour  of  its  efficacy.    It  hat 
been  seen  above^  however^  that  !M.  CaavB  as* 
Berts  his  having  employed  it  successfally^  in^dis* 
tinguishing  real  death  from  apparent  deaths  or 
asphyxy.     It  is  true,  that  Humboldt,  in  his  let- 
ter to  M.  LoDER,  combats  with  very  powerful 
arguments,  the  opinion  of  Creve,   and  proves 
that  a  partial  death  may  subsist  in  one  of  tbe 
muscles  he  has  pointed  out,  without  its  being 
imparted  to  the  rest  of  the  body ;  that  the  sus- 
ceptibility to   the   mechanical  stimulus  may  be 
annihilated,  without  the  irritability  being  in  ge- 
neral exhausted ;  and,  lastly,  that  the  galvanic 
stimulus,   applied   in   the   manner  described  by 
Creve,  is  not  the  most  powerful  known  stimulus 
seeing  that  the  eledlricity  of  the  Leyden  phial, 
and  the  Voltaic  pile^  a6l  still  more  energetically* 
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These  consideratjons,  he  observes,  throw  a  cer* 
tain  degree  of  doubt  on  the  methocf  pointed  out 
by  Creve. 

It  has  been  also  seen,  that  Ppafp  has  proposed 
the  galvanic  stimulus  in  several  diseases,  more 
particularly  in  the  paralysis  of  the  optic  nerve* 
As  there  is  sometimes  a  complication  of  catara6l 
with  amaurosis,  the  charaifteristics  of  which  are 
not  always  evident  and  certain,  he  recommends 
the  employment  of  the  galvanic  stimulus,  as  an 
expedient  by  which  every  doubt  may  be  removed. 
If,  in  the  case  of  cataract,  in  which  its  com- 
plication with  amaurosis  is  not  manifest,  the 
application  of  two  different  exciters,  in  con- 
formity to  the  well  known  process,  does  not 
produce  any  particular  sensation  in  the  eye,  it 
is  more  than  probable  that  amaurosis  exists  also* 
In  the  contrary  event,  it  may  be  ascertained  that 
this  latter  malady  is  not  combined  with  the 
cataradt. 

The  hydrophobic  case  related  by  M.  Vassalli-* 
Eandi,  is,  as  well  as  the  other  details  he  has 
given,  relatively  to  the  treatment  of  diseases  by 
galvanism,  extremely  interesting  ;  as  is  likewise 
the  cure  of  a  case  of  lumbago  by  the  galvanic 
belt  contrived  by  our  ingenious  countryman  Mr, 
Teed.  But  the  scientific  world  is  more  particu* 
larly  indebted  to  M.  Humboldt,  who  has  en- 
riched his  work,  an  extradl  from  which  we  have 

VOL*  I.  H  h  given. 


4fi6   APPLICATION  OF  GALVANISM  TO  MEDICINE. 

given,  with  several  very  judicious  applications  of 
galvanism  to  philosophy,  pathology,  and  thera- 
peutics. He  shews  that  the  galvanic  stimulus 
has  a  very  considerable  influence  on  the  secre- 
tions,  which  it  alters  in  a  singular  manner ;  and 
that  it  may,  in  this  point  of  view,  be  employed  as 
an  opposite  stimulus,  to  correal  the  vitiated  se- 
cretions. In  the  course  of  his  experiments  he 
contrived  to  render  manifest  a  kind  of  galvanic 
atmos])hcre  around  the  nerves,  the  presence  of 
which  was  attested  by  a  variety  of  phenomena. 
Lastly,  by  the  administration  of  a  description  of 
galvanic  irtjefHon^  which  he  efFedled  by  establish- 
ing a  communication,  with  zinc  and  silver,  be- 
tween the  mouth  and  the  anus,  he  succeeded  in 
bringing  to  life  several  small  birds  in  a  state  of 
asphyxy. 

Without  being  too  sanguine  in  our  expecta- 
tions, we  may  indulge  a  hope  that  galvanism  will 
hereafter  supply  the  means  of  discovering  the 
signs  of  life,  still  existing  in  man,  w^hen  every 
appearance  seems  to  indicate  certain  death.  It 
mny  not  be  improper  to  notice,  however,  that 
the  cffefls  which  have  been  perceived  in  the  parts 
of  certain  animals,  deprived  of  every  sensation, 
and  of  all  motion,  have  not  been  observed  in 
those  of  man,  in  a  similar  state,  when  galvanism 
has  been  tried.  It  is  even  more  than  probable, 
if  we  can  judge  by  the  precise  knowledge  we  have 
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acquired,  relatively  to  the  strudlure  of  the  parts  of 
the  latter,  that  the  galvanic  experiments  which- 
may  be  made  on  them  hereafter  will  not  afford 
results  similar  to  those  produced  on  the  parts 
of  animals.  Time,  alone,  can  clear .  up  these 
doubts. 

In  one  of  the  late  Paris  Journals  an  essential  ob- 
servation has  appeared,  on  the  subjedl  of  the  dan- 
gers incurred  by  those  who, without  a  due  acquaint- 
ance with  the  science,  venture  on  galvanic  expe- 
riments. The  author  observes,  that  he  has  been 
successful  in  the  treatment  of  several  diseases  by 
eledlricity ;  but  that  he  has  rarely  given  shocks^ 
That  the  commotions  produced  by  galvanism  are 
equally  dangerous,  he  attempts  to  prove  in  the 
following  manner  :  "  It  is  well  known,'*  he  ob- 
serves, "  that  if  a  piece  of  silver  be  laid  on  the 
gums  of  the  lower  jaw,  and  a  piece  of  zinc  on 
those  of  the  upper  jaw,  phosphoric  flashes  of 
light  are  perceived,  as  often  as  the  two  pieces  of 
metal  are  brought  in  contadl.  Well,  a  young 
man  to  whom  I  shewed  this  experiment,  and 
who  repeated  it  several  times  successively  on 
himself,  had,  for  the  space  of  twenty-four  hours, 
so  great  a  debility  of  the  jaws,  that  he  could 
scarcely  masticate  his  food,  his  teeth  appear- 
ing at  the  same  time  to  be  loose  in  their  sockets. 
The  necessary  consequence  of  this  experiment, 
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one  of  the  most  simple  in  galvanism,  is,  that  a 
powerful  commotion,  prockiced  by  a  pile  of  zinc 
and  silver,  may  be  followed  by  disastrous  con- 
sequences, more  especially  In  persons  whose 
system  of  nerves  is  highly  sensible  and  irritable*'* 
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